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Abstract
Machine learning (ML) models are now commonly used as components in

systems. Due to their black-box and data-driven nature, ML components can
produce erroneous outputs (in the form of mispredictions) that may critically
impact the system’s quality of service. Such mispredictions may be caused by
component changes, environment changes, or due to ML components’ inherent
uncertainty and inaccuracy. In the face of these changes, and to cope with mis-
predictions, self-adaptation arises as a natural solution: systems that monitor
and adapt themselves at run time to optimize their system utility.

This thesis provides a repertoire of ML adaptation tactics, and a framework
that generates policies specifying when to apply each tactic to adapt ML com-
ponents such that overall system utility is optimized. The development of this
framework raises two main challenges: (i) estimating the expected costs and
benefits due to the execution of an adaptation tactic; (ii) evaluating the impact
of the improved ML predictions on overall system utility. To address the first
problem we build predictors that learn to estimate the expected benefits of each
adaptation tactic. To solve the second problem we leverage probabilistic model
checking methods and instantiate a formal model of the system, capturing the
key dynamics of ML components and their impact on expected system utility.

The techniques proposed in this thesis are evaluated via two use-cases:
credit card fraud detection and machine translation systems. We show that:
the self-adaptive ML-based systems built leveraging the proposed framework
achieve better system utility than that achievable when employing simpler base-
lines to guide adaptation, such as periodic or reactive adaptation schemes; the
proposed framework is suitable for run-time adaptation in non-critical domains;
the framework can be extended to account for multiple adaptation tactics; and
that it can be leveraged to plan for the long term when to adapt ML models.
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Resumo
Atualmente, modelos de Aprendizagem Automática (AA) são amplamente

utilizados em diversos sistemas. Estes modelos são propícios a erros de previsão
devido à sua dependência dos dados e à sua natureza opaca. Estes erros podem
comprometer a qualidade do serviço oferecido e são causados, por exemplo, por
alterações no próprio componente de AA, nos pedidos recebidos, ou pela in-
certeza inerente ao próprio modelo de AA. Para lidar com estas alterações, e de
forma a prevenir erros, exploramos a ideia de sistemas de AA auto adaptáveis:
sistemas capazes de se auto monitorizar e auto adaptar durante a execução de
maneira a otimizar a qualidade de serviço que oferecem.

Nesta tese propomos um conjunto de táticas para adaptar componentes
de AA e uma abordagem para gerar políticas que determinam quando utilizar
cada tática para otimizar a qualidade de serviço. Há dois desafios principais,
nomeadamente: (i) estimar os custos e benefícios esperados devido à execução
de cada tática; (ii) avaliar o impacto esperado da adaptação na qualidade do
serviço. Para resolver o primeiro desafio, criamos modelos que estimam os
benefícios esperados associados à execução de cada tática. Para o segundo,
usamos métodos de análise formal, criando um modelo formal do sistema de
maneira a capturar as dinâmicas principais associadas ao componente de AA, à
influência que cada tática exerce sobre ele, e ao impacto esperado da adaptação
na qualidade do serviço.

Os métodos propostos são avaliados recorrendo a dois casos de estudo:
sistemas de deteção de fraude e de tradução automática. Mostramos que:
os métodos propostos permitem melhorar a qualidade de serviço, compara-
ndo com estratégias simples, como adaptações periódicas ou aleatórias; o
tempo necessário para decidir como e quando adaptar é propício a adaptar
sistemas não-críticos em tempo real; esta abordagem consegue analisar várias
táticas e planear como adaptar considerando horizontes de planeamento longos.
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�b�v�b�i�2�K�b�X �q�?�B�H�2 �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M �b�v�b�i�2�K �`�2�H�B�2�b �Q�M �+�H���b�b�B�}�2�` �J�G �+�Q�K�T�Q�M�2�M�i�b �U�B�X�2�X�- �i�?�2�B�`
�Q�m�i�T�m�i �B�b �`�2�b�i�`�B�+�i�2�/ �i�Q �� �T�`�2�/�2�}�M�2�/ �b�2�i �Q�7 �/�B�b�+�`�2�i�2 �+�H���b�b�2�b�V�- �i�?�2 �K���+�?�B�M�2 �i�`���M�b�H���i�B�Q�M �b�v�b�i�2�K�b
�M�2�2�/ �i�Q �b�Q�H�p�2 �� �b�2�[�m�2�M�+�2�@�i�Q�@�b�2�[�m�2�M�+�2 �i���b�F�- �r�?�B�+�? �B�b �B�M�?�2�`�2�M�i�H�v �K�Q�`�2 �+�Q�K�T�H�2�t�X �h�?�2�b�2 �i�r�Q �m�b�2
�+���b�2�b �`�2�T�`�2�b�2�M�i �i�r�Q �/�B�b�i�B�M�+�i ���M�/ �T�`�Q�K�B�M�2�M�i �i�v�T�2�b �Q�7 �J�G �+�Q�K�T�Q�M�2�M�i�- ���M�/ �?�B�;�?�H�B�;�?�i �?�Q�r �i�?�2
�7�`���K�2�r�Q�`�F �+���M �#�2 �b�T�2�+�B���H�B�x�2�/ �i�Q �#�2�i�i�2�` �}�i �i�?�2 �m�M�B�[�m�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �2���+�?�X �6�Q�` �B�M�b�i���M�+�2�-
�r�?�B�H�2 �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M �b�v�b�i�2�K �?���b �i�Q �+�Q�K�T�H�v �r�B�i�? �2�t�T�H�B�+�B�i �b�2�`�p�B�+�2 �H�2�p�2�H ���;�`�2�2�K�2�M�i�- �i�?�2
�K���+�?�B�M�2 �i�`���M�b�H���i�B�Q�M �b�v�b�i�2�K �B�b �B�M�b�i�2���/ �+�Q�M�+�2�`�M�2�/ �r�B�i�? �K���t�B�K�B�x�B�M�; �i�`���M�b�H���i�B�Q�M �[�m���H�B�i�v�X

�6�Q�`�K���H�B�i�v�B�b ���+�?�B�2�p�2�/ �#�v �H�2�p�2�`���;�B�M�; �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �K�2�i�?�Q�/�b �i�Q �b�v�M�i�?�2�b�B�x�2
�U�2�t�T�2�+�i�2�/�V �Q�T�i�B�K���H ���/���T�i���i�B�Q�M �b�i�`���i�2�;�B�2�b�X �"�v �`�2�H�v�B�M�; �Q�M �7�Q�`�K���H �b�T�2�+�B�}�+���i�B�Q�M�b�- �i�?�2 �7�`���K�2�@
�r�Q�`�F �T�`�Q�p�B�/�2�b �� �b�2�T���`���i�B�Q�M �Q�7 �+�Q�M�+�2�`�M�b�- �r�?�B�+�? �+�Q�M�i�`�B�#�m�i�2�b �i�Q �i�?�2 �7�`���K�2�r�Q�`�F�ö�b �;�2�M�2�`���H�B�i�v
���M�/ �2�t�i�2�M�b�B�#�B�H�B�i�v�X �6�m�`�i�?�2�`�- �i�?�2 �`�B�;�Q�`�Q�m�b �K���i�?�2�K���i�B�+���H �7�Q�`�K�m�H���i�B�Q�M�b �r�?�B�+�? �m�M�/�2�`�T�B�M �7�Q�`�K���H
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�K�Q�/�2�H�b ���H�H�Q�r �7�Q�` �� �b�i�`�B�+�i�2�` ���M���H�v�b�B�b �Q�7 �i�?�2 �T�`�Q�#�H�2�K ���i �?���M�/�- �i�?�2 �b�v�b�i�2�K �`�2�[�m�B�`�2�K�2�M�i�b ���M�/
���b�b�m�K�T�i�B�Q�M�b �i�?���i ���`�2 ���+�+�Q�m�M�i�2�/ �7�Q�`�X �h�?�B�b ���M���H�v�b�B�b �B�b �b�i�`�B�+�i�2�` �B�M �i�?�2 �b�2�M�b�2 �i�?���i �B�i �B�b �K�Q�`�2
�2�t�T�H���B�M���#�H�2 �� �;�B�p�2�M �i�?���i �i�?�2 �K�Q�/�2�H�B�M�; �B�b �;�Q�p�2�`�M�2�/ �#�v �T�`�2�+�B�b�2 �`�m�H�2�b �b�Q �i�?�2�`�2 �B�b �M�Q ���K�#�B�;�m�B�i�v
�B�M �r�?���i �i�?�2 �K�Q�/�2�H �B�b �b�T�2�+�B�7�v�B�M�; �� ���M�/ �+�2�`�i���B�M �� �B�M �i�?�2 �b�2�M�b�2 �i�?���i �K���i�?�2�K���i�B�+�b �B�b ���M �2�t���+�i
�b�+�B�2�M�+�2�X �h�?�B�b �;�m���`���M�i�2�2�b �i�?���i �B�M�i�2�`�T�`�2�i���i�B�Q�M�b �`�2�;���`�/�B�M�; �i�?�2 �K�Q�/�2�H�ö�b �i���b�F�b ���M�/ �;�Q���H�b ���`�2 �M�Q�i
�b�m�#�D�2�+�i�B�p�2�- �i�?�m�b �K���F�B�M�; �B�i �p�B�2�r�2�`�@�B�M�/�2�T�2�M�/�2�M�i ���M�/ �2�M�b�m�`�B�M�; �i�?���i ���H�H �b�i���F�2�?�Q�H�/�2�`�b ���;�`�2�2 �Q�M
�r�?���i �i�?�2 �K�Q�/�2�H �B�b �B�K�T�H�2�K�2�M�i�B�M�;�X

�h�?�2 �7�`���K�2�r�Q�`�F�ö�b�i� �̀��+�i���#�B�H�B�i�v�B�b �2�p���H�m���i�2�/ �#�v �K�2���b�m�`�B�M�; �i�?�2 �H���i�2�M�+�v �Q�7 �i�?�2 �/�2�+�B�b�B�Q�M �K���F�@
�B�M�; �T�`�Q�+�2�b�b�X �A�M �Q�M�H�B�M�2 ���/���T�i���i�B�Q�M �b�+�2�M���`�B�Q�b�- �i�?�2�`�2 �i�v�T�B�+���H�H�v �B�b �� �r�B�M�/�Q�r �Q�7 �Q�T�T�Q�`�i�m�M�B�i�v
�/�m�`�B�M�; �r�?�B�+�? �i�?�2 �/�2�+�B�b�B�Q�M �K���F�B�M�; �T�`�Q�+�2�b�b �B�b ���H�H�Q�r�2�/ �i�Q �`�m�M�X �h�?�B�b �T�2�`�B�Q�/ �p���`�B�2�b �/�2�T�2�M�/�B�M�;
�Q�M �i�?�2 �/�Q�K���B�M�, �7�Q�` �2�t���K�T�H�2�- �`�2���H�@�i�B�K�2 �b���7�2�i�v�@�+�`�B�i�B�+���H �b�v�b�i�2�K�b �b�m�+�? ���b ���m�i�Q�M�Q�K�Q�m�b �p�2�?�B�+�H�2�b
�`�2�[�m�B�`�2 �K�m�+�? �7���b�i�2�` �/�2�+�B�b�B�Q�M �K���F�B�M�; �i�?���M �K�Q�p�B�2 �`�2�+�Q�K�K�2�M�/�2�` �b�v�b�i�2�K�b�X �h�?�B�b �i�?�2�b�B�b �b�?�Q�r�b
�i�?���i �i�?�2 �T�`�Q�T�Q�b�2�/ �7�`���K�2�r�Q�`�F �B�b �i�`���+�i���#�H�2 �7�Q�` �/�Q�K���B�M�b �b�m�+�? ���b �`�2�+�Q�K�K�2�M�/�2�` �b�v�b�i�2�K�b�- �2�M�@
�i�2�`�T�`�B�b�2 �b�v�b�i�2�K�b�- ���M�/ �A�M�i�2�`�M�2�i �Q�7 �h�?�B�M�;�b �U�A�Q�h�V �b�v�b�i�2�K�b�- �#�m�i �M�Q�i �M�2�+�2�b�b���`�B�H�v �7�Q�` �`�2���H�@�i�B�K�2
�b���7�2�i�v�@�+�`�B�i�B�+���H �b�v�b�i�2�K�b�X

�6�B�M���H�H�v�- �i�Q �2�t�i�2�M�/ �� �b�2�H�7�@���/���T�i�B�p�2 �J�G�@�#���b�2�/ �b�v�b�i�2�K ���M�/ �+���i�2�` �7�Q�` ���/�/�B�i�B�Q�M���H �i���+�i�B�+�b�-
�i�?�`�2�2 �K���B�M �K�Q�/�B�}�+���i�B�Q�M�b ���`�2 �`�2�[�m�B�`�2�/�, �U�B�V �i�?�2 �b�T�2�+�B�}�+���i�B�Q�M �Q�7 �� �i���+�i�B�+�@�b�T�2�+�B�}�+ �K�Q�/�m�H�2 �B�M
�i�?�2 �b�v�b�i�2�K�ö�b �7�Q�`�K���H �K�Q�/�2�H�- �U�B�B�V �i�?�2 �B�M�+�H�m�b�B�Q�M �Q�7 ���M ���+�i�m���i�Q�` �B�M �i�?�2 �b�v�b�i�2�K �B�i�b�2�H�7 �i�Q �+���`�`�v
�Q�m�i �i�?�2 �i���+�i�B�+�ö�b �2�t�2�+�m�i�B�Q�M�- ���M�/ �U�B�B�B�V �i�?�2 ���#�B�H�B�i�v �i�Q �T�`�2�/�B�+�i �i�?�2 �i���+�i�B�+�ö�b �+�Q�b�i�b ���M�/ �#�2�M�2�}�i�b�X
�h�?�m�b�- �i�?�2 �7�`���K�2�r�Q�`�F�ö�b�2�t�i�2�M�b�B�#�B�H�B�i�v�U�B�X�2�X�- �?�Q�r �2���b�B�H�v �i�?�2 �7�`���K�2�r�Q�`�F ���H�H�Q�r�b �7�Q�` ���/�/�B�i�B�Q�M���H
���/���T�i���i�B�Q�M �i���+�i�B�+�b �i�Q �#�2 ���+�+�Q�m�M�i�2�/ �7�Q�` �r�?�2�M �/�2�+�B�/�B�M�; �i�?�2 �Q�T�i�B�K���H ���/���T�i���i�B�Q�M �b�i�`���i�2�;�v�V �B�b
�2�p���H�m���i�2�/ �#�v�, ���m�;�K�2�M�i�B�M�; �i�?�2 �b�2�i �Q�7 �i���+�i�B�+�b ���p���B�H���#�H�2 �7�Q�` ���/���T�i���i�B�Q�M �+�Q�M�b�B�/�2�`�2�/ �#�v �i�?�2 �b�2�H�7�@
���/���T�i�B�p�2 �+�`�2�/�B�i �+���`�/ �7�`���m�/ �/�2�i�2�+�i�B�Q�M �b�v�b�i�2�K�- ���M�/ �i�2�b�i�B�M�; �i�?�2 �K���+�?�B�M�2 �i�`���M�b�H���i�B�Q�M �b�v�b�i�2�K
�r�B�i�? �� �i���+�i�B�+ �M�Q�i ���T�T�H�B�2�/ �i�Q �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M �b�v�b�i�2�K�X

�R�X�k �*�Q�M�i�`�B�#�m�i�B�Q�M�b

�h�?�B�b �i�?�2�b�B�b �K���F�2�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�M�i�`�B�#�m�i�B�Q�M�b�,
�R�X�_�2�T�2�`�i�Q�B�`�2 �Q�7 �J�G ���/���T�i���i�B�Q�M �h���+�i�B�+�b�,�� �+���i���H�Q�;�m�2 �Q�7 �2�t�B�b�i�B�M�; �i���+�i�B�+�b �7�Q�` ���/���T�i�@

�B�M�; �J�G �+�Q�K�T�Q�M�2�M�i�b �i�Q�;�2�i�?�2�` �r�B�i�? �;�m�B�/�2�H�B�M�2�b �Q�M �r�?�2�M �i�?�2�v ���`�2 �H�B�F�2�H�v �i�Q �#�2 �Q�7 �#�2�M�2�}�i
�U�*�?���T�i�2�` �9�V�c

�h�?�2 �`�2�H�2�p���M�+�2 �Q�7 �i�?�B�b �+�Q�M�i�`�B�#�m�i�B�Q�M �B�b �`�2�~�2�+�i�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�m�#�H�B�+���i�B�Q�M�b�,

�J���`�B�� �*���b�B�K�B�`�Q�- �S���Q�H�Q �_�Q�K���M�Q�- �.���p�B�/ �:���`�H���M�- �:���#�`�B�2�H ���X �J�Q�`�2�M�Q�- �1�m�M�b�m�F
�E���M�;�- ���M�/ �J���`�F �E�H�2�B�M�X �ó�a�2�H�7�@���/���T�i���i�B�Q�M �7�Q�` �J���+�?�B�M�2 �G�2���`�M�B�M�; �"���b�2�/ �a�v�b�i�2�K�b�X�ô
�A�M�1�m� �̀Q�T�2���M �*�Q�M�7�2� �̀2�M�+�2 �Q�M �a�Q�7�i�r��� �̀2 ��� �̀+�?�B�i�2�+�i�m� �̀2 �U�*�Q�K�T���M�B�Q�M�V�X �k�y�k�R�X

�J���`�B�� �*���b�B�K�B�`�Q�- �S���Q�H�Q �_�Q�K���M�Q�- �.���p�B�/ �:���`�H���M�- �:���#�`�B�2�H ���X �J�Q�`�2�M�Q�- �1�m�M�b�m�F
�E���M�;�- ���M�/ �J���`�F �E�H�2�B�M�X �ó�a�2�H�7�@���/���T�i�B�p�2 �K���+�?�B�M�2 �H�2���`�M�B�M�; �b�v�b�i�2�K�b�, �_�2�b�2���`�+�?
�+�?���H�H�2�M�;�2�b ���M�/ �Q�T�T�Q�`�i�m�M�B�i�B�2�b�X�ô �A�M�1�m� �̀Q�T�2���M �*�Q�M�7�2� �̀2�M�+�2 �Q�M �a�Q�7�i�r��� �̀2 ��� �̀+�?�B�i�2�+�i�m� �̀2�-
�T�T�X �R�j�j�@�R�8�8�X �*�?���K�, �a�T�`�B�M�;�2�` �A�M�i�2�`�M���i�B�Q�M���H �S�m�#�H�B�b�?�B�M�;�- �k�y�k�R�X

�k�X�6�`���K�2�r�Q�`�F �i�Q �1�M�;�B�M�2�2�` �a�2�H�7�@���/���T�i�B�p�2 �J�G�@�2�M���#�H�2�/ �a�v�b�i�2�K�b�,�� �;�2�M�2�`�B�+�-
�i�`���+�i���#�H�2�- ���M�/ �2�t�i�2�M�b�B�#�H�2 �7�`���K�2�r�Q�`�F �7�Q�` ���/���T�i�B�M�; �J�G �+�Q�K�T�Q�M�2�M�i�b �Q�7 �J�G�@�#���b�2�/ �b�v�b�@
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�i�2�K�b �U�*�?���T�i�2�` �8�V�- �2�p���H�m���i�2�/ �Q�M �i�r�Q �m�b�2 �+���b�2�b�, �7�`���m�/ �/�2�i�2�+�i�B�Q�M �b�v�b�i�2�K �U�a�2�+�i�B�Q�M �e�X�k�V
���M�/ �K���+�?�B�M�2 �i�`���M�b�H���i�B�Q�M �b�v�b�i�2�K �U�a�2�+�i�B�Q�M �e�X�j�V�c

�h�?�2 �`�2�H�2�p���M�+�2 �Q�7 �i�?�B�b �+�Q�M�i�`�B�#�m�i�B�Q�M �B�b �`�2�~�2�+�i�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�m�#�H�B�+���i�B�Q�M�b�,

�J���`�B�� �*���b�B�K�B�`�Q�- �.���p�B�/ �:���`�H���M�- �C���p�B�2�` �*�€�K���`���- �G�m�Q�b �_�Q�/�`�B�;�m�2�b�- ���M�/ �S���Q�H�Q �_�Q�@
�K���M�Q�X �ó�� �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; ���T�T�`�Q���+�? �i�Q �b�2�H�7�@���/���T�i�B�M�; �K���+�?�B�M�2 �H�2���`�M�@
�B�M�; �b�v�b�i�2�K�b�X�ô �A�M�A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �a�Q�7�i�r��� �̀2 �1�M�;�B�M�2�2�`�B�M�; ���M�/ �6�Q�`�K���H
�J�2�i�?�Q�/�b�- �T�T�X �j�R�d�@�j�j�k�X �*�?���K�, �a�T�`�B�M�;�2�` �A�M�i�2�`�M���i�B�Q�M���H �S�m�#�H�B�b�?�B�M�;�- �k�y�k�R
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�/�2�+�B�b�B�Q�M �T�`�Q�+�2�b�b �+���`�`�B�2�/ �Q�m�i �#�v �Q�m�` ���/���T�i���i�B�Q�M �7�`���K�2�r�Q�`�F�X �a�T�2�+�B�}�+���H�H�v�- �r�2 �+���M �m�b�2 �i�?�2

�R�q�?�2�M �i�?�2 �/���i�� �r�B�i�? �r�?�B�+�? �i�?�2 �J�G �K�Q�/�2�H �B�b �i�`���B�M�2�/ �B�b �M�Q�i ���p���B�H���#�H�2 ���H�H ���i �Q�M�+�2�- �T�`�B�Q�` �i�Q �/�2�T�H�Q�v�K�2�M�i�- ���M�/
�B�b �B�M�b�i�2���/ �K���/�2 ���p���B�H���#�H�2 �+�Q�M�i�B�M�m�Q�m�b�H�v �/�m�`�B�M�; �`�m�M�@�i�B�K�2�- �Q�M�H�B�M�2 �H�2���`�M�B�M�; ���T�T�`�Q���+�?�2�b ���`�2 ���#�H�2 �i�Q �B�M�+�Q�`�T�Q�`���i�2
�i�?�B�b �M�2�r �/���i�� �B�M�i�Q �i�?�2 �J�G �K�Q�/�2�H�X

�k�q�2 �+�Q�M�b�B�/�2�` �� �T�`�2�/�B�+�i�B�Q�M �i�Q �#�2 �i�?�2 �Q�m�i�T�m�i �Q�7 ���M �J�G �K�Q�/�2�H�X �6�Q�` �2�t���K�T�H�2�- �7�Q�` �+�H���b�b�B�}�+���i�B�Q�M �i���b�F�b�- �J�G
�T�`�2�/�B�+�i�B�Q�M�b ���`�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �i�?�2 �B�M�T�m�i �b���K�T�H�2 �#�2�H�Q�M�;�B�M�; �i�Q �2���+�? �T�Q�b�b�B�#�H�2 �+�H���b�b�X

�j �h�?�B�b �b�?�Q�m�H�/ �M�Q�i �#�2 �+�Q�M�7�m�b�2�/ �r�B�i�? �i�?�2 �i�2�b�i�B�M�; �2�M�p�B�`�Q�M�K�2�M�i �B�M �b�Q�7�i�r���`�2 �2�M�;�B�M�2�2�`�B�M�; �+�Q�M�i�2�t�i�b�, �2�M�p�B�`�Q�M�@
�K�2�M�i �i�?���i �`�2�T�H�B�+���i�2�b �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �b�v�b�i�2�K ���M�/ �i�?���i �B�b �m�b�2�/ �i�Q �i�2�b�i �i�?�2 �b�v�b�i�2�K �#�2�7�Q�`�2 �/�2�T�H�Q�v�B�M�; �B�i �i�Q
�T�`�Q�/�m�+�i�B�Q�M�X

�R�k



�Q�m�i�T�m�i�b �Q�7 �i�?�2�b�2 �K�2�i�?�Q�/�b�- �r�?�B�+�? �K�Q�M�B�i�Q�` ���M�/ �/�2�i�2�+�i �+�?���M�;�2�b �B�M �i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i�b�- ���b
�B�M�T�m�i�b �i�Q �Q�m�` �/�2�+�B�b�B�Q�M �T�`�Q�+�2�b�b�X �h�?�2�b�2 �K�B�;�?�i �+�Q�M�b�i�B�i�m�i�2 �p���H�m���#�H�2 �7�2���i�m�`�2�b �7�Q�` �/�2�+�B�/�B�M�; �r�?�2�M
�i�Q ���/���T�i ���M �J�G �+�Q�K�T�Q�M�2�M�i �b�B�M�+�2 �B�7 �i�?�2�b�2 �i�Q�Q�H�b �/�2�i�2�+�i �i�?���i �i�?�2 �J�G �K�Q�/�2�H�ö�b �#�2�?���p�B�Q�` �?���b
�+�?���M�;�2�/ ���+�+�Q�`�/�B�M�; �i�Q �r�?���i �i�?�2�v �T�2�`�+�2�B�p�2 �i�Q �#�2 �ó�M�Q�`�K���H�ô �#�2�?���p�B�Q�`�- �i�?�2�M �i�?�B�b �K�B�;�?�i �B�M�/�B�+���i�2
�� �+�?���M�;�2 �B�M �i�?�2 �m�M�/�2�`�H�v�B�M�; �2�M�p�B�`�Q�M�K�2�M�i �i�?���i �+���H�H�b �7�Q�` ���/���T�i���i�B�Q�M�X

�h�?�2 �7�Q�H�H�Q�r�B�M�; �b�2�+�i�B�Q�M�b �/�2�b�+�`�B�#�2 �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �i�v�T�2�b �Q�7 �/���i�� �b�?�B�7�i�- ���M�/ �B�M�i�`�Q�/�m�+�2
�i�v�T�B�+���H �b�Q�m�`�+�2�b �Q�7 �/�`�B�7�i�X �h�?�2�b�2 �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �i�v�T�B�+���H �+���m�b�2�b �Q�7 �J�G �K�B�b�T�`�2�/�B�+�i�B�Q�M �r�2 ���`�2
�i���`�;�2�i�B�M�; �r�B�i�? �i�?�2 �T�`�Q�T�Q�b�2�/ �7�`���K�2�r�Q�`�F �7�Q�` �J�G ���/���T�i���i�B�Q�M�X

�h�v�T�2�b �Q�7 �.���i�� �a�?�B�7�i�b

�h�?�2 �H�B�i�2�`���i�m�`�2 �Q�M �J�G �?���b �B�M�p�2�b�i�B�;���i�2�/ �b�2�p�2�`���H �i�v�T�2�b �Q�7 �/���i���b�2�i �b�?�B�7�i�b �i�?���i �?���p�2 �/�B�z�2�`�2�M�i
�+�?���`���+�i�2�`�B�b�i�B�+�b�X �h�?�2�b�2 �/�B�z�2�`�2�M�i �+�?���`���+�i�2�`�B�b�i�B�+�b �B�M�~�m�2�M�+�2 �i�?�2 �B�K�T���+�i �i�?���i �2���+�? �i�v�T�2 �Q�7 �b�?�B�7�i
�?���b �Q�M �� �b�v�b�i�2�K�- ���M�/ ���H�b�Q �?�Q�r �2���b�v �B�i �B�b �i�Q �/�2���H �r�B�i�?�f�/�2�i�2�+�i �i�?�2 �b�?�B�7�i�X �a�T�2�+�B�}�+���H�H�v�- �T�`�Q�#�H�2�K�b
�b�m�+�? ���b ���M�Q�K���H�v �/�2�i�2�+�i�B�Q�M�- �M�Q�p�2�H�i�v �/�2�i�2�+�i�B�Q�M�- �Q�T�2�M �b�2�i �`�2�+�Q�;�M�B�i�B�Q�M�- �Q�m�i �Q�7 �/�B�b�i�`�B�#�m�i�B�Q�M
�/�2�i�2�+�i�B�Q�M�- ���M�/ �Q�m�i�H�B�2�` �/�2�i�2�+�i�B�Q�M �(�R�N�8�) ���`�2 �b�T�2�+�B�}�+ �B�M�b�i���M�+�2�b �Q�7 �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �i�v�T�2�b �Q�7
�b�?�B�7�i�X �q�2 ���`�;�m�2 �i�?���i �i�?�2 �/�B�z�2�`�2�M�i �i�v�T�2�b �Q�7 �b�?�B�7�i �/�2�b�+�`�B�#�2�/ �#�2�H�Q�r ���`�2 �;�2�M�2�`���H �2�M�Q�m�;�? �i�Q �#�2
�`�2�T�`�2�b�2�M�i���i�B�p�2 �Q�7 �K�Q�b�i �Q�7 �i�?�2 �B�b�b�m�2�b ���/�/�`�2�b�b�2�/ �#�v �i�?�2 �2�t�B�b�i�B�M�; �J�G �H�B�i�2�`���i�m�`�2�X

�*�Q�@�p���`�B���i�2 �b�?�B�7�i�X�q�?�2�M �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �B�M�T�m�i�b �i�Q �� �K�Q�/�2�H �+�?���M�;�2�b�- �b�m�+�? �i�?���i �B�i
�#�2�+�Q�K�2�b �b�m�#�b�i���M�i�B���H�H�v �/�B�z�2�`�2�M�i �7�`�Q�K �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�M �r�?�B�+�? �i�?�2 �K�Q�/�2�H �r���b �i�`���B�M�2�/�- �r�2
�}�M�/ �Q�m�`�b�2�H�p�2�b �B�M �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �� �T�`�Q�#�H�2�K �+�Q�K�K�Q�M�H�v �F�M�Q�r�M ���b �+�Q�@�p���`�B���i�2 �b�?�B�7�i�X �h�?���i �B�b�-
�i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�MP(�t) �+�?���M�;�2�b �#�m�i �i�?�2 �+�Q�M�/�B�i�B�Q�M���H �/�B�b�i�`�B�#�m�i�B�Q�MP(yj�t) �`�2�K���B�M�b �i�?�2 �b���K�2�X
�J�Q�`�2 �7�Q�`�K���H�H�v�-P(�t)train 6= P(�t)test ���M�/P(yj�t)train = P(yj�t)test �(�R�k�N�)�X �h�?�B�b �i�v�T�2 �Q�7 �b�?�B�7�i �B�b
�m�b�m���H�H�v ���M���H�v�x�2�/ �i�Q �2�p���H�m���i�2 �?�Q�r �� �K�Q�/�2�H �;�2�M�2�`���H�B�x�2�b ���M�/ �?�Q�r �`�Q�#�m�b�i �B�i �B�b �r�?�2�M �i�?�2 �7�2���i�m�`�2
�b�T���+�2 �B�b ���H�i�2�`�2�/ ���i �i�2�b�i �i�B�K�2�- �B�X�2�X �r�?�B�H�2 �i�?�2 �b�v�b�i�2�K �B�b �2�t�2�+�m�i�B�M�;�X

�S�`�B�Q�` �T�`�Q�#���#�B�H�B�i�v �b�?�B�7�i �U�H���#�2�H �b�?�B�7�i�V�X�.�B�z�2�`�2�M�i�H�v�- �r�?�2�M �r�2 ���`�2 �B�M �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �T�`�B�Q�`
�T�`�Q�#���#�B�H�B�i�v �b�?�B�7�i�- ���H�b�Q �F�M�Q�r�M ���b �H���#�2�H �b�?�B�7�i�- �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�MP(y) �Q�7 �i�?�2 �H���#�2�H�b�f�Q�m�i�T�m�i�b �?���b
�+�?���M�;�2�/�- �B�X�2�X�- �B�M �� �+�H���b�b�B�}�+���i�B�Q�M �i���b�F �i�?�2 �+�H���b�b �T�`�Q�T�Q�`�i�B�Q�M�b �/�B�z�2�` �#�2�i�r�2�2�M �i�`���B�M�B�M�; ���M�/ �i�2�b�i�X
�J�Q�`�2 �7�Q�`�K���H�H�v�-P(y)train 6= P(y)test ���M�/P(�tjy)train = P(�tjy)test �(�R�k�N�)�X �h�?�B�b �+���M �#�2 �b�2�2�M
���b �i�?�2 �B�M�p�2�`�b�2 �Q�7 �+�Q�@�p���`�B���i�2 �b�?�B�7�i �B�M �i�?�2 �b�2�M�b�2 �i�?���i �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �H���#�2�H�b �+�?���M�;�2�b�-
�r�?�B�H�2 �i�?�2 �+�Q�M�/�B�i�B�Q�M���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7x �;�B�p�2�My �`�2�K���B�M�b �m�M�+�?���M�;�2�/�X �.�2���H�B�M�; �r�B�i�? �i�?�B�b �i�v�T�2
�Q�7 �b�?�B�7�i �B�b �T���`�i�B�+�m�H���`�H�v �+�?���H�H�2�M�;�B�M�; �r�?�2�M �i�?�2 �M�2�r �/�B�b�i�`�B�#�m�i�B�Q�MP(y)test �B�b �m�M�F�M�Q�r�M�X

�*�Q�M�+�2�T�i �b�?�B�7�i�X�6�B�M���H�H�v�- �+�Q�M�+�2�T�i �b�?�B�7�i �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �� �+�?���M�;�2 �B�M �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�@
�i�r�2�2�M �B�M�T�m�i ���M�/ �Q�m�i�T�m�i �/�B�b�i�`�B�#�m�i�B�Q�M�b�- ���H�i�?�Q�m�;�? �#�Q�i�? �/�B�b�i�`�B�#�m�i�B�Q�M�b �`�2�K���B�M�b �i�?�2 �b���K�2�X
�J�Q�`�2 �7�Q�`�K���H�H�v�- �r�?�2�M �i�?�B�b �i�v�T�2 �Q�7 �b�?�B�7�i �Q�+�+�m�`�b�- �r�2 �+���M �?���p�2P(yj�t)train 6= P(yj�t)test ���M�/
P(�t)train = P(�t)test �Q�P̀(�tjy)train 6= P(�tjy)test ���M�/P(y)train = P(y)test �(�R�k�N�)�X

���H�i�?�Q�m�;�? �i�?�2�b�2 ���`�2 �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �i�v�T�2�b �Q�7 �b�?�B�7�i�- �B�i �B�b ���H�b�Q �T�Q�b�b�B�#�H�2 �i�?���i �Q�i�?�2�` �i�v�T�2�b
�Q�7 �b�?�B�7�i �Q�+�+�m�`�- �7�Q�` �B�M�b�i���M�+�2 �r�?�2�M �#�Q�i�? �i�?�2 �+�Q�M�/�B�i�B�Q�M���H �/�B�b�i�`�B�#�m�i�B�Q�M ���M�/ �i�?�2 �7�2���i�m�`�2�b�f�H���#�2�H�b
�/�B�b�i�`�B�#�m�i�B�Q�M �+�?���M�;�2�b�X �6�Q�`�K���H�H�v�- �i�?�B�b �r�Q�m�H�/ �+�Q�`�`�2�b�T�Q�M�/ �i�QP(yj�t)train 6= P(yj�t)test ���M�/
P(�t)train 6= P(�t)test �Q�P̀(�tjy)train 6= P(�tjy)test ���M�/P(y)train 6= P(y)test �(�R�k�N�)�X �h�?�2�b�2 �i�v�T�2�b

�R�j



�Q�7 �b�?�B�7�i ���`�2 �i�v�T�B�+���H�H�v �H�2�b�b �B�M�p�2�b�i�B�;���i�2�/ �B�M �i�?�2 �H�B�i�2�`���i�m�`�2 �b�B�M�+�2 �i�?�2�v ���`�2 �M�Q�i �b�Q �+�Q�K�K�Q�M �B�M �`�2���H
�r�Q�`�H�/ ���T�T�H�B�+���i�B�Q�M�b ���M�/ ���H�b�Q �#�2�+���m�b�2 �i�?�2�v ���`�2 �2�t�i�`�2�K�2�H�v �/�B�{�+�m�H�i �i�Q �/�2�i�2�+�i ���M�/ �/�2���H �r�B�i�?�X

�a�Q�m�`�+�2�b �Q�7 �.���i�� �a�?�B�7�i

�.�m�`�B�M�; �`�2�;�m�H���` �b�v�b�i�2�K �Q�T�2�`���i�B�Q�M�- �b�?�B�7�i �B�M �i�?�2 �/���i�� �+���M �Q�+�+�m�` �/�m�2 �i�Q�, �i�?�2 �T���b�b�B�M�; �Q�7 �i�B�K�2�-
�B�M�+�Q�`�`�2�+�i �/���i�� �Q�` �b���K�T�H�2 �b�2�H�2�+�i�B�Q�M �#�B���b�X �L�2�t�i�- �r�2 �T�`�Q�p�B�/�2 �/�2�i���B�H�b �Q�M �i�?�2�b�2 �b�Q�m�`�+�2�b �Q�7 �b�?�B�7�i�X

�L���i�m�`���H �/�`�B�7�i �/�m�2 �i�Q �i�B�K�2�X���M �2�z�2�+�i �Q�7 �i�?�2 �M���i�m�`���H �T���b�b�B�M�; �Q�7 �i�B�K�2 �B�b �i�?���i �T�2�Q�T�H�2�ö�b
�i���b�i�2�b ���M�/ �#�2�?���p�B�Q�`�b �+�?���M�;�2 �(�R�N�- �R�R�R�)�X �6�Q�` �2�t���K�T�H�2�- �/�m�2 �i�Q �i�?�2 �T���b�b�B�M�; �Q�7 �i�B�K�2 �� �m�b�2�` �K���v
�#�2�+�Q�K�2 �B�M�i�2�`�2�b�i�2�/ �B�M �#�Q�Q�F�b�f�b�?�Q�r�b�f�K�m�b�B�+ �i�?�2�v �r�2�`�2 �M�Q�i �B�M�i�2�`�2�b�i�2�/ �B�M �#�2�7�Q�`�2�X �� �b�i���i�B�+ �J�G
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�?�v�T�2�`�@�T���`���K�2�i�2�`�b �Q�7 �i�?�2 �K�Q�/�2�H ���`�2 ���H�b�Q �m�T�/���i�2�/�- �i�?�2 �#�2�M�2�}�i�b �K���v �#�2 �?�B�;�?�2�`�V�X �h�?�2 �`�2�K���B�M�@
�B�M�; �+�2�H�H�b �B�M �i�?�2 �b���K�2 �`�Q�r �b�?�Q�m�H�/ �i�?�2�M �#�2 �m�T�/���i�2�/ ���b�+�2�H�Hij = �+�2�H�Hij � � �+�2�H�Hij /(1 � �+�2�H�Hii )�X �h�?�2
�M�Q�M�@�/�B���;�Q�M���H �+�2�H�H�b �U�r�?�B�+�? �+�Q�`�`�2�b�T�Q�M�/ �i�Q �b�+�2�M���`�B�Q�b �Q�7 �K�B�b�T�`�2�/�B�+�i�B�Q�M�b �Q�7 �i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i�V
���`�2 �i�?�m�b �`�2�/�m�+�2�/ �T�`�Q�T�Q�`�i�B�Q�M���H�H�v �i�Q� �r�?�B�H�2 �2�M�b�m�`�B�M�; �i�?���i �M�Q �+�2�H�H �;�2�i�b �� �p���H�m�2 �H�Q�r�2�` �i�?���M
�y�- ���M�/ �i�?���i �i�?�2 �i�Q�i���H �`�2�/�m�+�i�B�Q�M �Q�M �M�Q�M�@�/�B���;�Q�M���H �+�2�H�H�b �B�b �2�[�m���H �i�Q� �X �h���#�H�2 �j�X�k �T�`�Q�p�B�/�2�b ���M
�2�t���K�T�H�2 �Q�7 �� �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t �#�2�B�M�; �m�T�/���i�2�/�X

�P�T�i�B�K�B�x�B�M�; �b�v�b�i�2�K �m�i�B�H�B�i�v�X�a�B�M�+�2 �i�?�2 �b�v�b�i�2�K �`�2�+�2�B�p�2�b �� �}�t�2�/ �`�2�r���`�/ �r�?�2�M�2�p�2�` �B�i �+�Q�K�@
�T�H�2�i�2�b �� �D�Q�#�- �B�i�b �;�Q���H �B�b �i�Q �K���t�B�K�B�x�2 �i�?�2 �M�m�K�#�2�` �Q�7 �D�Q�#�b �+�Q�K�T�H�2�i�2�/ �B�M �� �;�B�p�2�M �i�B�K�2 �T�2�`�B�Q�/�-
�r�?�B�H�2 �b�B�K�m�H�i���M�2�Q�m�b�H�v �K�B�M�B�K�B�x�B�M�; �i�?�2 �+�Q�b�i�b �b�T�2�M�i �Q�M �`�2�i�`���B�M�B�M�;�X �h�?�B�b �`�2�[�m�B�`�2�b �b�2�2�F�B�M�; ���M
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�h���#�H�2 �j�X�k�, �o�B�b�m���H�B�x���i�B�Q�M �Q�7 ���M �m�T�/���i�2 �i�Q �� �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t �U�*�J�V�X �q�2 ���b�b�m�K�2new�ndata =
6 ���M�/�B�K�T���+�i�6���+�i�Q�`= 0:1 �r�?�B�+�? �v�B�2�H�/�b� = (100 � 95) � 6 � 0:1 = 3�X �S�R ���M�/ �S�k �b�i���M�/ �7�Q�`
�S�H���i�7�Q�`�K �R ���M�/ �S�H���i�7�Q�`�K �k�- �`�2�b�T�2�+�i�B�p�2�H�v�X

�S�`�2�/�X
�_�2���H

�S�R �S�k

�S�R �N�8 �8

�S�k �8 �N�8

�U���V �A�M�B�i�B���H �*�J�X

�S
�_

�S�R �S�k

�S�R �N�8 �Y �j �8 �@3� 5
(100� 95)

�S�k �8 �@3� 5
(100� 95) �N�8 �Y �j

�U�#�V �*�J �m�T�/���i�2�X

�S
�_

�S�R �S�k

�S�R �N�3 �k

�S�k �k �N�3

�U�+�V �6�B�M���H �*�J�X

�U���V �G���i�2�M�+�v �R �U�#�V �G���i�2�M�+�v �8 �U�+�V �G���i�2�M�+�v �R�y

�6�B�;�m�`�2 �j�X�k�, �l�i�B�H�B�i�v �;���B�M�b ���+�?�B�2�p���#�H�2 �/�m�2 �i�Q �J�G ���/���T�i���i�B�Q�M �r�?�2�M �i�?�2 �b�v�b�i�2�K �Q�T�2�`���i�2�b �B�M ���M
�2�t�2�+�m�i�B�Q�M �+�Q�M�i�2�t�i �B�M �r�?�B�+�? �J�G ���+�+�m�`���+�v �B�K�T���+�i�b �b�v�b�i�2�K �m�i�B�H�B�i�v�X

���/�2�[�m���i�2 �i�`���/�2�@�Q�z �#�2�i�r�2�2�M �B�M�p�2�b�i�B�M�; �i�B�K�2 ���M�/ �`�2�b�Q�m�`�+�2�b �i�Q �`�2�i�`���B�M �i�?�2 �K�Q�/�2�H ���M�/ �`�2���b�Q�M�B�M�;
���#�Q�m�i �i�?�2 �2�t�T�2�+�i�2�/ �B�K�T���+�i �Q�7 �i�?�2 �+�m�`�`�2�M�i ���+�+�m�`���+�v �Q�M �b�v�b�i�2�K �m�i�B�H�B�i�v�X �h�Q �/�Q �b�Q�- �r�2 �2�M�+�Q�/�2
�B�M �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�` �� �H�Q�;�B�+ �T�`�Q�T�2�`�i�v �i�?���i �2�M�b�m�`�2�b �i�?���i �b�v�b�i�2�K �m�i�B�H�B�i�v �B�b �K���t�B�K�B�x�2�/ �U�B�M
�2�t�T�2�+�i���i�B�Q�M�V �r�?�2�M �i�?�2 �b�i���i�2 �ó�2�M�/�ô �B�b �`�2���+�?�2�/�- �B�X�2�X�- �r�?�2�M �i�?�2 �i�B�K�2 �T�2�`�B�Q�/ �2�t�T�B�`�2�b�X

�"�2�H�Q�r �r�2 ���M���H�v�x�2 �i�?�2 �b�v�b�i�2�K �m�i�B�H�B�i�v �B�K�T�`�Q�p�2�K�2�M�i�b �Q�#�i���B�M�2�/ �r�B�i�? �i�?�2 �T�`�Q�T�Q�b�2�/ �7�`���K�2�r�Q�`�F
�p�B�� �i�r�Q �`�2�b�2���`�+�? �[�m�2�b�i�B�Q�M�b�,
�_�Z�R�X�q�?���i ���`�2 �i�?�2 �2�b�i�B�K���i�2�/ �m�i�B�H�B�i�v �;���B�M�b ���+�?�B�2�p���#�H�2 �i�?�`�Q�m�;�? �J�G ���/���T�i���i�B�Q�M�\
�_�Z�k�X�l�M�/�2�` �r�?���i �+�Q�M�/�B�i�B�Q�M�b �/�Q�2�b �i�?�2 �7�`���K�2�r�Q�`�F �/�2�i�2�`�K�B�M�2 �i�?���i �J�G ���/���T�i���i�B�Q�M �B�K�T�`�Q�p�2�b
�Q�p�2�`���H�H �b�v�b�i�2�K �m�i�B�H�B�i�v�\

�1�t�T�2�`�B�K�2�M�i���H �b�2�i�i�B�M�;�b�X�6�Q�` �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �r�2 �p���`�v �i�?�2�, �U�B�V �`�2�i�`���B�M �+�Q�b�i�c �U�B�B�V �`�2�i�`���B�M
�H���i�2�M�+�v �U�R�- �8�- �R�y�V�c ���M�/ �U�B�B�B�V �i�?�2 �T�`�Q�#���#�B�H�B�i�v �U�7�`�Q�K �y �i�Q �R �r�B�i�? �y�X�R �B�M�+�`�2�K�2�M�i�b�V �Q�7 �i�?�2 �2�M�p�B�`�Q�M�@
�K�2�M�i �;�2�M�2�`���i�B�M�; �2���+�? �D�Q�# �i�v�T�2�X �P�m�` �;�Q���H �B�b �i�Q �K�Q�/�2�H �?�Q�r �i�?�2 �b�v�b�i�2�K �`�2���+�i�b �i�Q �2�M�p�B�`�Q�M�K�2�M�i
�+�?���M�;�2�b�- �b�Q �r�2 ���b�b�m�K�2 �i�?���i �i�?�2 �J�G �K�Q�/�2�H �?���b �#�2�i�i�2�` �T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v �7�Q�` �Q�M�2 �i�v�T�2 �Q�7 �D�Q�#
�i�?���M �7�Q�` �i�?�2 �Q�i�?�2�`�, �N�8�W ���+�+�m�`���+�v �7�Q�` �i�v�T�2 �R �D�Q�#�b ���M�/ �8�y�W ���+�+�m�`���+�v �7�Q�` �i�v�T�2 �k �D�Q�#�b �U�i�?�2�b�2
���`�2 �b�v�K�K�2�i�`�B�+ �+�Q�M�7�m�b�B�Q�M �K���i�`�B�+�2�b�V�X �h�?�m�b�- �r�?�2�M �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i �;�2�M�2�`���i�2�/ �D�Q�#�b �+�?���M�;�2�-
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�U���V �h���#�H�2 �j�X�R���- �H���i�2�M�+�v �R�U�#�V �h���#�H�2 �j�X�R���- �H���i�2�M�+�v �8�U�+�V �h���#�H�2 �j�X�R���- �H���i�2�M�+�v �R�y

�U�/�V �h���#�H�2 �j�X�R�#�- �H���i�2�M�+�v �R�U�2�V �h���#�H�2 �j�X�R�#�- �H���i�2�M�+�v �8�U�7�V �h���#�H�2 �j�X�R�#�- �H���i�2�M�+�v �R�y

�6�B�;�m�`�2 �j�X�j�, ���`�2���b �Q�7 �i�?�2 �b�T���+�2 �B�M �r�?�B�+�? �J�G ���/���T�i���i�B�Q�M �B�K�T�`�Q�p�2�b �Q�p�2�`���H�H �b�v�b�i�2�K �m�i�B�H�B�i�v�X
�"�H���+�F �b�[�m���`�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �+�Q�M�}�;�m�`���i�B�Q�M�b �B�M �r�?�B�+�? �B�i �B�b �r�Q�`�i�? ���/���T�i�B�M�;�X �q�?�B�i�2 �b�[�m���`�2�b
�+�Q�`�`�2�b�T�Q�M�/ �i�Q �+�Q�M�}�;�m�`���i�B�Q�M�b �B�M �r�?�B�+�? �?���p�B�M�; �i�?�2 �Q�T�i�B�Q�M �i�Q ���/���T�i �/�Q�2�b �M�Q�i �B�K�T�`�Q�p�2 �m�i�B�H�B�i�v�X
�h�?�2 �i�Q�T �`�Q�r �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �2�t�2�+�m�i�B�Q�M �+�Q�M�i�2�t�i �Q�7 �h���#�H�2 �j�X�R�� ���M�/ �i�?�2 �#�Q�i�i�Q�K �`�Q�r �i�Q
�i�?�2 �2�t�2�+�m�i�B�Q�M �+�Q�M�i�2�t�i �Q�7 �h���#�H�2 �j�X�R�#�X

�i�?�2 �b�v�b�i�2�K �B�b ���z�2�+�i�2�/�X �h�?�2 �B�K�T���+�i �7���+�i�Q�` �B�b �b�2�i �i�Q �y�X�R �7�Q�` �#�Q�i�? �D�Q�# �i�v�T�2�b�X �C�Q�# �H���i�2�M�+�v ���M�/
�m�M�+�2�`�i���B�M�i�v �B�M �2���+�? �T�H���i�7�Q�`�K ���`�2 �b�2�i ���+�+�Q�`�/�B�M�; �i�Q �h���#�H�2 �j�X�R�X

�_�2�b�m�H�i�b�X�6�B�;�m�`�2 �j�X�k �b�?�Q�r�b �i�?�2 �m�i�B�H�B�i�v �;���B�M�b ���+�?�B�2�p���#�H�2 �/�m�2 �i�Q �J�G ���/���T�i���i�B�Q�M�- �7�Q�` ���M
�2�t�2�+�m�i�B�Q�M �+�Q�M�i�2�t�i �B�M �r�?�B�+�? �J�G ���+�+�m�`���+�v ���z�2�+�i�b �b�v�b�i�2�K �m�i�B�H�B�i�v�X �1���+�? �b�m�#�@�T�H�Q�i �+�Q�M�b�B�/�2�`�b
�� �/�B�z�2�`�2�M�i �H���i�2�M�+�v �7�Q�` �2�t�2�+�m�i�B�M�; �i�?�2 �`�2�i�`���B�M �i���+�i�B�+�X �h�?�2 �`�2�b�m�H�i�b �b�?�Q�r �i�?���i �7�Q�` �i�?�2 �`�2�i�`���B�M
�H���i�2�M�+�v �p���H�m�2�b �+�Q�M�b�B�/�2�`�2�/�- �i�?�2�`�2 ���`�2 ���H�r���v�b �b�v�b�i�2�K �m�i�B�H�B�i�v �;���B�M�b �i�Q �#�2 ���+�+�`�m�2�/ �/�m�2 �i�Q �J�G
���/���T�i���i�B�Q�M�X �L�2�t�i�- �r�2 �b�?�Q�r �?�Q�r �i�?�2 �7�`���K�2�r�Q�`�F �+���M �/�B�b�i�B�M�;�m�B�b�? �r�?�2�M �i�Q �2�t�2�+�m�i�2 �2���+�?
���/���T�i���i�B�Q�M �i���+�i�B�+�- �b�2�2�B�M�; ���b �/�2�i�2�`�K�B�M�B�M�;�r�?�2�M�i�Q ���/���T�i �B�b �� �+�`�B�i�B�+���H ���b�T�2�+�i �Q�7 �i�?�2 �7�`���K�2�r�Q�`�F�X

�h�?�2 �T�H�Q�i�b �B�M �6�B�;�m�`�2 �j�X�j �+�Q�M�b�B�/�2�` �/�B�z�2�`�2�M�i �2�t�2�+�m�i�B�Q�M �+�Q�M�i�2�t�i�b ���M�/ �`�2�i�`���B�M �H���i�2�M�+�v�- ���M�/
�b�?�Q�r �i�?�2 �+�Q�M�/�B�i�B�Q�M�b �m�M�/�2�` �r�?�B�+�? �J�G ���/���T�i���i�B�Q�M �B�K�T�`�Q�p�2�b �Q�p�2�`���H�H �b�v�b�i�2�K �m�i�B�H�B�i�v�X �q�2 �M�Q�r
�7�Q�+�m�b �Q�M �6�B�;�m�`�2 �j�X�j�� ���M�/ ���M���H�v�x�2 �i�?�2 �B�K�T���+�i �Q�7 �i�?�2 �`�2�i�`���B�M �+�Q�b�i ���M�/ �D�Q�# �T�`�Q�#���#�B�H�B�i�v �p���`�B���#�H�2�b�X
���b �2�t�T�2�+�i�2�/�- �r�?�2�M �`�2�i�`���B�M �+�Q�b�i �B�b �H�Q�r�- �i�?�2 �7�`���K�2�r�Q�`�F �/�2�i�2�`�K�B�M�2�b �i�?���i ���/���T�i���i�B�Q�M �B�b ���H�r���v�b
�r�Q�`�i�? �B�i�X �u�2�i�- ���b �i�?�2 �+�Q�b�i �B�M�+�`�2���b�2�b�- �B�7 �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i �B�b �K�Q�`�2 �H�B�F�2�H�v �i�Q �;�2�M�2�`���i�2 �D�Q�#�b �Q�7
�i�v�T�2 �R�- �`�2�i�`���B�M �B�b �M�Q �H�Q�M�;�2�` �i�?�2 �Q�T�i�B�K���H ���+�i�B�Q�M�X �h�?�B�b �B�b �/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i �i�?�2 �J�G �K�Q�/�2�H
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�?���b �� �;�Q�Q�/ �T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v �7�Q�` �D�Q�#�b �Q�7 �i�v�T�2 �R�X �h�?�m�b�- �`�2�i�`���B�M �+�Q�b�i�b �Q�m�i�r�2�B�;�? �i�?�2 �#�2�M�2�}�i�b�X
�.�B�z�2�`�2�M�i�H�v�- �r�?�2�M �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i �;�2�M�2�`���i�2�b �K�Q�`�2 �D�Q�#�b �Q�7 �i�v�T�2 �k �U�T�`�Q�#�X �C�Q�# �R< �8�y�W�V�-
�i�?�2 �i�Q�H�2�`���i�2�/ �+�Q�b�i �Q�7 �i�?�2 �K�Q�/�2�H �`�2�i�`���B�M �B�M�+�`�2���b�2�b�X ���b �i���+�i�B�+ �H���i�2�M�+�v �B�M�+�`�2���b�2�b �U�6�B�;�m�`�2�b �j�X�j�#
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�i�v�T�2 �Q�7 �b�?�B�7�i �Q�+�+�m�`�b �7�Q�` �2�t���K�T�H�2 �r�?�2�M �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �7�`���m�/�m�H�2�M�i �i�`���M�b���+�i�B�Q�M�b �B�M �i�?�2
�i�`���B�M�B�M�; �b�2�i �B�b �/�B�z�2�`�2�M�i �i�?���M �7�Q�` �i�?�2 �i�2�b�i �b�2�i �(�R�R�R�)�- �B�X�2�X�-P(y)train 6= P(y)test �X �h�?�B�b �i�v�T�2 �Q�7
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�i�B�Q�M�b �i�?���i �7�Q�H�H�Q�r �i�?�2 �b���K�2 �T���i�i�2�`�M ���b �H�2�;�B�i�B�K���i�2 �i�`���M�b���+�i�B�Q�M�b�X �a�B�M�+�2 �i�?�2 �K�Q�/�2�H �?���b �H�2���`�M�2�/
�i�?�2 �i�v�T�B�+���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �7�`���m�/�- �B�i�ö�b �T�`�2�/�B�+�i�B�Q�M�b �r�B�H�H �7�Q�H�H�Q�r �i�?���i �/�B�b�i�`�B�#�m�i�B�Q�M�- �r�?�B�+�? �B�b �M�Q
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�*�Q�M�+�2�T�i �b�?�B�7�i�X�h�?�B�b �B�b �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �i�v�T�2 �Q�7 �/���i���b�2�i �b�?�B�7�i �B�M �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M
�/�Q�K���B�M ���M�/ �Q�+�+�m�`�b �r�?�2�M �7�`���m�/�b�i�2�`�b ���/���T�i �i�?�2�B�` �b�i�`���i�2�;�B�2�b ���M�/ �M�2�r �7�`���m�/ �T���i�i�2�`�M�b �2�K�2�`�;�2�-
�b�m�+�? �i�?���i �i�?�2 �J�G �K�Q�/�2�H �B�b �M�Q �H�Q�M�;�2�` ���#�H�2 �i�Q �2�z�2�+�i�B�p�2�H�v �/�B�b�i�B�M�;�m�B�b�? �7�`���m�/�m�H�2�M�i �7�`�Q�K �H�2�;�B�i�@
�B�K���i�2 �i�`���M�b���+�i�B�Q�M�b �(�R�R�R�)�X �A�M �i�?�B�b �+���b�2�- �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �7�`���m�/ �;�B�p�2�M �B�M�T�m�i �/���i��P(yj�t)
�+�?���M�;�2�b �r�?�B�H�2 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �B�M�T�m�i �/���i��P(�t) �`�2�K���B�M�b �i�?�2 �b���K�2�X
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�h�?�B�b �b�2�+�i�B�Q�M �K�Q�i�B�p���i�2�b �i�?�2 ���T�T�H�B�+���#�B�H�B�i�v �Q�7 �2���+�? �`�2�T���B�` �i���+�i�B�+ �#�v �T�`�Q�p�B�/�B�M�; �2�t���K�T�H�2�b �Q�7 �i�?�2�B�`
�m�b���;�2 �r�?�2�M �/�B�z�2�`�2�M�i �+���m�b�2�b �Q�7 �/�2�;�`���/���i�B�Q�M �?���p�2 ���z�2�+�i�2�/ �i�?�2 �b�v�b�i�2�K�ö�b �J�G �+�Q�K�T�Q�M�2�M�i�X
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�*�Q�K�T�Q�M�2�M�i �`�2�T�H���+�2�K�2�M�i�X�q�?�2�M �i�?�2 �p�Q�H�m�K�2 �Q�7 �i�`���M�b���+�i�B�Q�M�b �+�?���M�;�2�b�- �7�Q�` �B�M�b�i���M�+�2 �/�m�`�@
�B�M�; �b�T�2�+�B���H �/���v�b �b�m�+�? ���b �"�H���+�F �6�`�B�/���v�- �J�G �K�Q�/�2�H�b �K���v �+�Q�M�b�B�/�2�` �i�?�2 �B�M�+�`�2���b�2�/ �7�`�2�[�m�2�M�+�v �Q�7
�i�`���M�b���+�i�B�Q�M�b ���b ���M �B�M�/�B�+���i�Q�` �Q�7 �7�`���m�/ ���M�/ �2�`�`�Q�M�2�Q�m�b�H�v �~���; �H�2�;�B�i�B�K���i�2 �i�`���M�b���+�i�B�Q�M�b ���b �7�`���m�/�@
�m�H�2�M�i�X �a�m�+�? �K�B�b�T�`�2�/�B�+�i�B�Q�M�b �+���M �H�2���/ �i�Q �b�B�;�M�B�}�+���M�i �}�M���M�+�B���H �H�Q�b�b�2�b �(�k�R�)�- �i�?�m�b �`�2�[�m�B�`�B�M�; �i�B�K�2�H�v
�}�t�2�b �i�?���i �`�2�M�/�2�` �i�?�2 �m�b�2 �Q�7 �?�B�;�? �H���i�2�M�+�v �i���+�i�B�+�b �B�M�7�2���b�B�#�H�2 �U�M�Q�i�2 �i�?���i �B�M �i�?�B�b �+�Q�M�i�2�t�i �i�`���M�b�@
���+�i�B�Q�M�b �M�2�2�/ �i�Q �#�2 ���+�+�2�T�i�2�/�f�`�2�D�2�+�i�2�/ �r�B�i�?�B�M �� �7�2�r �?�m�M�/�`�2�/�b �K�B�H�H�B�b�2�+�Q�M�/�b �(�k�R�)�V�X ���b �b�m�+�?�-
�Q�M�H�v �H�Q�r �H���i�2�M�+�v �i���+�i�B�+�b �+���M �#�2 ���T�T�H�B�2�/�X ���M �2�t���K�T�H�2 �B�b �i�Q �`�2�T�H���+�2 �i�?�2 �m�M�/�2�`�@�T�2�`�7�Q�`�K�B�M�;
�K�Q�/�2�H�b �r�B�i�? �`�m�H�2�@�#���b�2�/ �K�Q�/�2�H�b�- �2�X�;�X�- �/�2�p�2�H�Q�T�2�/ �#�v �2�t�T�2�`�i�b �7�Q�` �b�T�2�+�B�}�+ �b�B�i�m���i�B�Q�M�b�- ���M�/�f�Q�` �i�Q
�b�r�B�i�+�? �i�Q �T�`�2�p�B�Q�m�b�H�v �i�`���B�M�2�/ �K�Q�/�2�H�b �i�?���i ���`�2 �F�M�Q�r�M �i�Q �T�2�`�7�Q�`�K �r�2�H�H �B�M �b�B�K�B�H���` �+�Q�M�/�B�i�B�Q�M�b�X

�>�m�K���M�@�#���b�2�/ �H���#�2�H�B�M�;�X�q�?�2�M�2�p�2�` �i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i �b�m�b�T�2�+�i�b �� �i�`���M�b���+�i�B�Q�M �Q�7 �#�2�B�M�;
�7�`���m�/�m�H�2�M�i �B�i �+���M ���m�i�Q�K���i�B�+���H�H�v �#�H�Q�+�F �i�?���i �i�`���M�b���+�i�B�Q�M�X �h�?�2�M�- �i�?�2 �m�b�2�` �+���M �#�2 �B�M�7�Q�`�K�2�/
�Q�7 �i�?�2 �/�2�+�B�b�B�Q�M ���M�/ ���b�F�2�/ �r�?�2�i�?�2�` �i�?�2 �i�`���M�b���+�i�B�Q�M �b�?�Q�m�H�/ �#�2 ���m�i�?�Q�`�B�x�2�/ �Q�` �/�2�+�H�B�M�2�/ �B�M �i�?�2
�7�m�i�m�`�2�X ���M�Q�i�?�2�` �T�Q�b�b�B�#�B�H�B�i�v �B�b �i�Q ���/�/ �?�m�K���M�b �i�Q �i�?�2 �H�Q�Q�T �r�?�2�M ���/�/�B�M�; �b���K�T�H�2�b �i�Q �i�?�2 �J�G
�+�Q�K�T�Q�M�2�M�i�ö�b �i�`���B�M�B�M�; �b�2�i�X �A�M �i�?�B�b �b�+�2�M���`�B�Q�- ���M �2�t�T�2�`�i �+���M �#�2 ���b�F�2�/ �i�Q �`�2�p�B�2�r �i�?�2 �K�Q�b�i
�m�M�+�2�`�i���B�M �+�H���b�b�B�}�+���i�B�Q�M�b �b�Q ���b �i�Q �B�K�T�`�Q�p�2 �i�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �i�`���B�M�B�M�; �b���K�T�H�2�b�X

�A�M �i�?�2 �7�Q�`�K�2�` �b�+�2�M���`�B�Q�- �i�?�2 �#�2�M�2�}�i�b ���`�2 �2���b�B�H�v �[�m���M�i�B�}���#�H�2�- �b�B�M�+�2 �i�?�2 �`�B�b�F �Q�7 ���+�+�2�T�i�B�M�;
�� �T�Q�b�b�B�#�H�v �7�`���m�/�m�H�2�M�i �i�`���M�b���+�i�B�Q�M �+���M �#�2 �K�2���b�m�`�2�/ �p�B�� �B�i�b �2�+�Q�M�Q�K�B�+ �p���H�m�2�X �>�Q�r�2�p�2�`�- �m�b�2�`�b
�K���v �;�2�i ���M�M�Q�v�2�/ �B�7 �i�?�2�B�` �i�`���M�b���+�i�B�Q�M�b ���`�2 �+���M�+�2�H�2�/ �i�Q�Q �Q�7�i�2�M�- �i�Q �i�?�2 �2�t�i�2�M�i �i�?���i �i�?�2�v
�K���v �b�i�Q�T �T�m�`�+�?���b�B�M�; �m�b�B�M�; �i�?���i �+�`�2�/�B�i �+���`�/ �T�`�Q�p�B�/�2�`�X ���b �7�Q�` �`�2�H�v�B�M�; �Q�M �2�t�T�2�`�i�b �i�Q �`�2�p�B�2�r
�m�M�+�2�`�i���B�M �+�H���b�b�B�}�+���i�B�Q�M�b�- �?���p�B�M�; ���M �Q�M�@�/�2�K���M�/ �2�t�T�2�`�i �T�2�`�7�Q�`�K�B�M�; �i�?�B�b �i���b�F �B�b �2�t�T�2�M�b�B�p�2
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�/���i�� �T�`�B�p���+�v �`�2�;�m�H���i�B�Q�M�b�- ���M�/ �U�B�B�B�V �Q�M�2 �Q�7 �B�i�b �+�H�B�2�M�i�b �B�b ���z�2�+�i�2�/ �#�v �� �M�2�r ���i�i���+�F �T���i�i�2�`�M�-
�r�?�B�+�? �B�b �2�p�2�M�i�m���H�H�v �H�2���`�M�2�/ �#�v �i�?���i �+�H�B�2�M�i�ö�b �K�Q�/�2�H�X �A�M �i�?�B�b �b�+�2�M���`�B�Q�- �h�G �i�2�+�?�M�B�[�m�2�b �+���M �#�2
�m�b�2�/ �i�Q �B�K�T�`�Q�p�2 �Q�i�?�2�` �+�H�B�2�M�i�b�ö �K�Q�/�2�H�b �b�Q �i�?���i �i�?�2�v �+���M �`�2���+�i �i�Q �i�?�2 �b���K�2 ���i�i���+�F �T���i�i�2�`�M�X
�A�M �7���+�i�- �b�B�M�+�2 �T�`�B�p���+�v �B�b �T���`���K�Q�m�M�i �B�M �i�?�B�b �/�Q�K���B�M�- �i�?�2�`�2 ���`�2 �i�2�+�?�M�B�[�m�2�b �i�?���i �+���M �#�2 �m�b�2�/
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�R�k�9�- �R�k�d�)�X �*�Q�M�+�2�T�i�m���H�H�v�- �i�?�2 �T�`�Q�T�Q�b�2�/ �7�`���K�2�r�Q�`�F �+���M �#�2 �`�2�;���`�/�2�/ ���b �� �b�T�2�+�B���H�B�x���i�B�Q�M �Q�7
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�b�v�b�i�2�K �`�2�b�T�Q�M�/�b�f�`�2���+�i�b�X ���/�/�B�i�B�Q�M���H�H�v�- �b�B�M�+�2 �Q�m�` �;�Q���H �B�b �i�Q �`�2���b�Q�M ���#�Q�m�i �i�?�2 �B�K�T���+�i �Q�7
�2�M�p�B�`�Q�M�K�2�M�i �+�?���M�;�2�b�- �i�?�2�b�2 �K�m�b�i ���H�b�Q �#�2 �K�Q�/�2�H�2�/�X �1�t���K�T�H�2�b �Q�7 �2�M�p�B�`�Q�M�K�2�M�i�b�i�B�K�m�H�B���`�2
�7�Q�` �B�M�b�i���M�+�2 �i�?�2 �i�`���M�b���+�i�B�Q�M�b �i�?���i �� �7�`���m�/ �/�2�i�2�+�i�B�Q�M �b�v�b�i�2�K �?���b �i�Q �+�H���b�b�B�7�v�- �i�?�2 �b�2�M�i�2�M�+�2�b
�i�?���i �� �K���+�?�B�M�2 �i�`���M�b�H���i�B�Q�M �b�v�b�i�2�K �?���b �i�Q �i�`���M�b�H���i�2�- �Q�` �i�?�2 �D�Q�#�b �`�2�+�2�B�p�2�/ �#�v �� �b�+�?�2�/�m�H�2�`�X

���/���T�i���i�B�Q�M �K���M���;�2�`�X���b �B�M �i�v�T�B�+���H �a���a�- �i�?�2 ���/���T�i���i�B�Q�M �K���M���;�2�` �+�Q�M�i���B�M�b �� �`�2�T�Q�b�B�i�Q�`�v
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�+���M �2�t�T�H�Q�`�2 ���H�i�2�`�M���i�B�p�2 ���/���T�i���i�B�Q�M �T�Q�H�B�+�B�2�b �r�B�i�? �i�?�2 �Q�#�D�2�+�i�B�p�2 �Q�7 �B�/�2�M�i�B�7�v�B�M�; �i�?�2 �Q�M�2 �i�?���i
�Q�T�i�B�K�B�x�2�b �b�v�b�i�2�K �m�i�B�H�B�i�v�X

�J�G�@�2�M���#�H�2�/ �b�v�b�i�2�K�X�h�?�2 �F�2�v �M�Q�p�2�H�i�v �Q�7 �Q�m�` �7�`���K�2�r�Q�`�F �B�b �i�?���i �B�i �2�M���#�H�2�b �`�2���b�Q�M�B�M�;
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�2�t�2�+�m�i�B�M�; ���/���T�i���i�B�Q�M �i���+�i�B�+�b �Q�M �i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i�b �U�`�2�[�m�B�`�2�K�2�M�i �_�R�V�X �6�Q�` �i�?�B�b �T�m�`�T�Q�b�2�-
�i�?�2 �7�`���K�2�r�Q�`�F ���b�b�Q�+�B���i�2�b ���M���/���T�i���i�B�Q�M �B�K�T���+�i �T� �̀2�/�B�+�i�Q�` �U���A�S�V�r�B�i�? �2���+�? ���/���T�i���i�B�Q�M �i���+�i�B�+�X
�h�?�2 ���A�S �B�b �B�M �+�?���`�;�2 �Q�7 �T�`�2�/�B�+�i�B�M�;�, �U�B�V �i�?�2 ���/���T�i���i�B�Q�M �i���+�i�B�+�ö�b�+�Q�b�i�- �i�?���i �B�b �+�?���`�;�2�/ �i�Q �i�?�2
�b�v�b�i�2�K �m�i�B�H�B�i�v�c ���M�/ �U�B�B�V �i�?�2 �B�K�T���+�i �Q�7 �i�?�2 ���/���T�i���i�B�Q�M �Q�M �i�?�2 �7�m�i�m�`�2�[�m���H�B�i�v�Q�7 �i�?�2 �J�G
�+�Q�K�T�Q�M�2�M�i�X �6�Q�` �2���+�? �J�G �+�Q�K�T�Q�M�2�M�i�- �r�2 ���H�b�Q �B�M�+�H�m�/�2 ���M ���/���T�i���i�B�Q�M �i���+�i�B�+ �+�Q�`�`�2�b�T�Q�M�/�B�M�;
�i�Q �T�2�`�7�Q�`�K�B�M�; �M�Q �+�?���M�;�2�b �i�Q �i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i �U�L�P�S�V�X �q�?�B�H�2 �i�?�2 ���A�S �7�Q�` �i���+�i�B�+�L�P�S
���H�r���v�b �T�`�2�/�B�+�i�b �x�2�`�Q �+�Q�b�i�b �U�i�?�B�b �i���+�i�B�+ �B�M�?�2�`�2�M�i�H�v �?���b �M�Q �+�Q�b�i�V�- �B�i�b �K�Q�/�2�H �[�m���H�B�i�v �T�`�2�/�B�+�i�Q�`
�+���T�i�m�`�2�b �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �K�Q�/�2�H�ö�b �T�2�`�7�Q�`�K���M�+�2 �B�7 �M�Q ���+�i�B�Q�M �B�b �i���F�2�M�- �2�X�;�X�- �i�?�2 �T�Q�b�b�B�#�H�2
�/�2�;�`���/���i�B�Q�M �Q�7 ���+�+�m�`���+�v �Q�7 �i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i �/�m�2 �i�Q �/���i�� �b�?�B�7�i�b�X �P�p�2�`���H�H�- �i�?�B�b ���T�T�`�Q���+�?
���H�H�Q�r�b �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�` �i�Q �[�m���M�i�B�7�v �i�?�2 �B�K�T���+�i �Q�7 �/�B�z�2�`�2�M�i ���/���T�i���i�B�Q�M �i���+�i�B�+�b �Q�M �b�v�b�i�2�K
�m�i�B�H�B�i�v ���M�/ �`�2���b�Q�M ���#�Q�m�i �i�?�2�B�` �+�Q�b�i�f�#�2�M�2�}�i�b �i�`���/�2�@�Q�z�b�X

�q�2 �7�Q�+�m�b �Q�M �i�?�2 �T�`�Q�#�H�2�K �Q�7 �?�Q�r �i�Q �2�b�i�B�K���i�2 �i�?�2 �7�m�i�m�`�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �T�`�2�/�B�+�i�B�p�2
�T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i ���M�/ �/�2�b�+�`�B�#�2�- �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �T���`���;�`���T�?�b�- �?�Q�r �r�2
�i���+�F�H�2 �i�?�2 �T�`�Q�#�H�2�K �Q�7 �B�K�T�H�2�K�2�M�i�B�M�; ���A�S�b �7�Q�` �i�?�2�_�2�i� �̀��B�M���M�/�L�Q�T�i���+�i�B�+�b �7�Q�` �;�2�M�2�`�B�+ �J�G
�+�Q�K�T�Q�M�2�M�i�b�X �A�M�/�2�2�/�- �7�Q�` ���/���T�i���i�B�Q�M �i���+�i�B�+�b �b�m�+�? ���b�_�2�i� �̀��B�M�i�?�2 �T�`�Q�#�H�2�K �Q�7 �2�b�i�B�K���i�B�M�; �B�i�b
�+�Q�b�i �?���b �#�2�2�M �B�M�p�2�b�i�B�;���i�2�/ �B�M �i�?�2 �b�v�b�i�2�K�ö�b �+�Q�K�K�m�M�B�i�v�X �h�?�2 �H�B�i�2�`���i�m�`�2 �?���b �b�?�Q�r�M �i�?���i �/���i���@
�/�`�B�p�2�M ���T�T�`�Q���+�?�2�b �#���b�2�/ �Q�M �Q�#�b�2�`�p�B�M�; �T�`�2�p�B�Q�m�b �`�2�i�`���B�M�B�M�; �T�`�Q�+�2�/�m�`�2�b �(�j�R�)�- �T�Q�b�b�B�#�H�v �K�B�t�2�/
�r�B�i�? �r�?�B�i�2�@�#�Q�t �K�2�i�?�Q�/�b �(�R�N�9�)�- �+���M �;�2�M�2�`���i�2 ���+�+�m�`���i�2 �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�b �Q�7 �i�?�2 �`�2�i�`���B�M �+�Q�b�i�X

�S�`�2�/�B�+�i�B�M�; �i�?�2 �7�m�i�m�`�2 �[�m���H�B�i�v �Q�7 �J�G �+�Q�K�T�Q�M�2�M�i�b�X�:�B�p�2�M �i�?�2 �`�2�H�B���M�+�2 �Q�M ���[�m���H�B�i�v
�K���i�`�B�tC�i�Q �+�?���`���+�i�2�`�B�x�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �J�G �+�Q�K�T�Q�M�2�M�i�b�- �2�b�i�B�K���i�B�M�; �?�Q�r �i�?�2 �T�`�2�/�B�+�i�B�p�2
�T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2�b�2 �+�Q�K�T�Q�M�2�M�i�b �2�p�Q�H�p�2�b �`�2�[�m�B�`�2�b �2�b�i�B�K���i�B�M�; �?�Q�rC �r�B�H�H �2�p�Q�H�p�2 �B�M �i�?�2
�7�m�i�m�`�2�- �7�Q�` �B�M�b�i���M�+�2 �/�m�2 �i�Q �b�?�B�7�i�b ���z�2�+�i�B�M�; �i�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �+�m�`�`�2�M�i �K�Q�/�2�H �U�i���+�i�B�+�M�Q�T�V �Q�`
���b �� �+�Q�M�b�2�[�m�2�M�+�2 �Q�7 �`�2�i�`���B�M�B�M�; �i�?�2 �K�Q�/�2�H �i�Q �B�M�+�Q�`�T�Q�`���i�2 �M�2�r�H�v ���p���B�H���#�H�2 �/���i���X

�h�?�2 �T�`�Q�T�Q�b�2�/ �K�2�i�?�Q�/ ���#�b�i�`���+�i�b �Q�p�2�` �i�?�2 �b�T�2�+�B�}�+ ���/���T�i���i�B�Q�M �i���+�i�B�+a() �#�v �K�Q�/�2�H�B�M�; �B�i
���b �� �;�2�M�2�`�B�+ �7�m�M�+�i�B�Q�Ma(M ; I ; N ) �! M 0 �i�?���i �T�`�Q�/�m�+�2�b �� �M�2�r �J�G �K�Q�/�2�HM 0�- ���M�/ �i���F�2�b
���b �B�M�T�m�i�, �U�B�V �K�Q�/�2�HM �T�`�B�Q�` �i�Q �i�?�2 �2�t�2�+�m�i�B�Q�M �Q�7 �i�?�2 �i���+�i�B�+�c �U�B�B�V �/���i��I �- �m�b�2�/ �i�Q �;�2�M�2�`���i�2
�K�Q�/�2�HM �c �U�B�B�B�V �M�2�r �/���i���-N �- �i�?���i �#�2�+���K�2 ���p���B�H���#�H�2 �b�B�M�+�2 �i�?�2 �H���b�i ���/���T�i���i�B�Q�M�- �2�X�;�X�- �#�v
�/�2�T�H�Q�v�B�M�; �i�?�2 �K�Q�/�2�H �B�M �T�`�Q�/�m�+�i�B�Q�M ���M�/ �;���i�?�2�`�B�M�; �M�2�r �b���K�T�H�2�b ���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �;�`�Q�m�M�/
�i�`�m�i�? �H���#�2�H�b�X �q�2 ���b�b�m�K�2 �i�?���i �#�Q�i�?I ���M�/N �+�Q�M�i���B�M �;�`�Q�m�M�/ �i�`�m�i�? �H���#�2�H�b�X ���/�/�B�i�B�Q�M���H�H�v�-
�r�2 ���b�b�m�K�2 �i�?���iM ���M�/M 0 ���`�2 �;�2�M�2�`�B�+ �b�m�T�2�`�p�B�b�2�/ �J�G �K�Q�/�2�H�b �i�?���i ���`�2 �[�m�2�`�B�2�/ ���M�/ �`�2�i�m�`�M
�T�`�2�/�B�+�i�B�Q�M�b �7�Q�` �i�?�2 �B�M�T�m�i �b���K�T�H�2�b�X �h�?�2�b�2 �i�r�Q ���b�b�m�K�T�i�B�Q�M�b ���H�H�Q�r �m�b �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �[�m���H�B�i�v
�K���i�`�B�+�2�b �Q�7 �K�Q�/�2�H�bM ���M�/M 0 ���i ���M�v �7�m�i�m�`�2 �i�B�K�2 �B�M�i�2�`�p���H�- �b�B�M�+�2 �i�?�2�B�` �T�`�2�/�B�+�i�B�Q�M�b �+���M �#�2
�+�Q�K�T���`�2�/ �r�B�i�? �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �H���#�2�H�b�X

�9�e



�q�2 �b�2�2�F �i�Q �#�m�B�H�/ �#�H���+�F�@�#�Q�t �`�2�;�`�2�b�b�Q�`�b �U�2�X�;�X�- �`���M�/�Q�K �7�Q�`�2�b�i�b�- �M�2�m�`���H �M�2�i�r�Q�`�F�b�V �i�?���i�-
�;�B�p�2�M �K�Q�/�2�HM �Q�#�i���B�M�2�/ ���i �i�B�K�2 �y �Q�M �/���i���b�2�iI �- ���M�/ �M�2�r �/���i��N ���p���B�H���#�H�2 ���i �i�B�K�2t > 0�-
�T�`�2�/�B�+�i �i�?�2 �[�m���H�B�i�v �K���i�`�B�+�2�b �Q�7 �#�Q�i�? �K�Q�/�2�H�b �UM ���M�/M 0�V ���i �i�B�K�2t + k�- �r�?�2�`�2k > 0 �B�b �i�?�2
�T�`�2�/�B�+�i�B�Q�M �H�Q�Q�F�@���?�2���/ �r�B�M�/�Q�r�X

���/���T�i���i�B�Q�M �B�K�T���+�i �/���i���b�2�i �U���A�.�V�X�h�Q �i�`���B�M �b�m�+�? �#�H���+�F�@�#�Q�t �`�2�;�`�2�b�b�Q�`�b�- �r�2 �#�m�B�H�/ ���M
���A�. �#�v �b�v�b�i�2�K���i�B�+���H�H�v �b�B�K�m�H���i�B�M�; �i�?�2 �2�t�2�+�m�i�B�Q�M �Q�7 �i�?�2 ���/���T�i���i�B�Q�M �i���+�i�B�+ �m�b�B�M�; �T�`�Q�/�m�+�i�B�Q�M
�/���i�� ���i �/�B�z�2�`�2�M�i �T�Q�B�M�i�b �B�M �i�B�K�2�X �h�?�B�b ���H�H�Q�r�b �m�b �i�Q �;���i�?�2�` �Q�#�b�2�`�p���i�B�Q�M�b �+�?���`���+�i�2�`�B�x�B�M�; �i�?�2
�2�t�2�+�m�i�B�Q�M �Q�7 �i�?�2 ���/���T�i�B�Q�M �i���+�i�B�+ �B�M �/�B�z�2�`�2�M�i �2�M�p�B�`�Q�M�K�2�M�i���H �+�Q�M�i�2�t�i�b�- �b�m�+�? ���b�, �U�B�V �/�B�z�2�`�2�M�i
�b�2�i�b �Q�7 �/���i�� �m�b�2�/ �i�Q ���/���T�i �i�?�2 �K�Q�/�2�H�c �U�B�B�V �p���`�B���i�B�Q�M�b �B�M �i�?�2 �i�B�K�2 �T���b�b�2�/ �b�B�M�+�2 �i�?�2 �H���b�i
�2�t�2�+�m�i�B�Q�M �Q�7 �i�?�2 �i���+�i�B�+�c �U�B�B�B�V �/�B�z�2�`�2�M�i �J�G �T�2�`�7�Q�`�K���M�+�2 �#�2�7�Q�`�2 ���M�/ ���7�i�2�` �i�?�2 ���/���T�i���i�B�Q�M

�h�?�2 �}�`�b�i �b�i�2�T �Q�7 �i�?�2 �T�`�Q�+�2�/�m�`�2 �i�Q �#�m�B�H�/ ���M ���A�. �+�Q�M�b�B�b�i�b �Q�7 �K�Q�M�B�i�Q�`�B�M�; �K�Q�/�2�HM 0 �Q�7 ��
�J�G �+�Q�K�T�Q�M�2�M�i �B�M �T�`�Q�/�m�+�i�B�Q�M �Q�p�2�`T �i�B�K�2 �B�M�i�2�`�p���H�b�X �.�m�`�B�M�; �i�?�B�b �K�Q�M�B�i�Q�`�B�M�; �T�2�`�B�Q�/�- �;�B�p�2�M
�i�?�2 ���#�b�2�M�+�2 �Q�7 ���A�S�b�- �r�2 ���b�b�m�K�2 �i�?���i �M�Q ���/���T�i���i�B�Q�M �B�b �2�t�2�+�m�i�2�/�X

�L�2�t�i�- �r�2 �/�2�T�H�Q�vM 0 �Q�M �� �i�2�b�i�B�M�; �T�H���i�7�Q�`�K �U�b�Q ���b �M�Q�i �i�Q ���z�2�+�i �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �2�M�p�B�`�Q�M�@
�K�2�M�i�V ���M�/ �b�v�b�i�2�K���i�B�+���H�H�v ���T�T�H�v �i���+�i�B�+a() ���i �2���+�? �i�B�K�2 �B�M�i�2�`�p���Hi > 0�- �B�X�2�X�-a(M 0; I 0; N i )�X
�h�?�B�b �v�B�2�H�/�b �� �M�2�r �K�Q�/�2�HM i �- �r�?�B�+�? �r�2 �2�p���H�m���i�2 ���i �2�p�2�`�v �7�m�i�m�`�2 �i�B�K�2 �B�M�i�2�`�p���Hi < j � T�- �Q�#�@
�i���B�M�B�M�; �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �[�m���H�B�i�v �K���i�`�B�+�2�b�- �M�Q�i�2�/ ���bCi (j )�X �P�p�2�`���H�H�- �i�?�B�b �T�`�Q�+�2�/�m�`�2�b �v�B�2�H�/�b
T �K�Q�/�2�H�b�- �`�2�b�m�H�i�B�M�; �7�`�Q�K �i�?�2 ���/���T�i���i�B�Q�M �Q�7M 0 ���i �/�B�z�2�`�2�M�i �i�B�K�2 �B�M�i�2�`�p���H�b�- ���M�/ �T�`�Q�/�m�+�2�b
T � (T � 1) �K�2���b�m�`�2�K�2�M�i�b �Q�7 �i�?�2 �[�m���H�B�i�v �K���i�`�B�+�2�b ���i �i�B�K�2�bj > i �X

�6�Q�` �2���+�? �Q�7 �i�?�2T � (T � 1) �K�2���b�m�`�2�K�2�M�i�b�- �r�2 �;�2�M�2�`���i�2 ���M ���A�. �2�M�i�`�v�-ei;j;k �i�?���i �/�2�b�+�`�B�#�2�b
�i�?�2 �[�m���H�B�i�v �Q�7 �K�Q�/�2�HM j ���i �i�B�K�2j + k �Q�#�i���B�M�2�/ �#�v �2�t�2�+�m�i�B�M�;a(M i ; I i ; N j ) ���i �i�B�K�2j �Q�M
�K�Q�/�2�HM i �- �r�?�2�`�2I i �/�2�M�Q�i�2�b �i�?�2 �/���i�� �m�b�2�/ ���i �i�B�K�2i �i�Q �;�2�M�2�`���i�2 �K�Q�/�2�HM i �- ���M�/N j �i�?�2
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�h�Q ���/�/�`�2�b�b �i�?�B�b �+�?���H�H�2�M�;�2�- �r�2 �H�2�p�2�`���;�2 �� �b�i���i�2�@�Q�7�@�i�?�2�@���`�i �J�G ���H�;�Q�`�B�i�?�K �(�e�d�) �i�Q �/�2���H �r�B�i�?
�;�`�Q�m�M�/�@�i�`�m�i�? �H���#�2�H �m�M���p���B�H���#�B�H�B�i�v �r�?�2�M ���/���T�i�B�M�; �J�G�@�2�M���#�H�2�/ �b�v�b�i�2�K�b�X �h�?�B�b �r���v �i�?�2 �T�`�Q�@
�T�Q�b�2�/ �7�`���K�2�r�Q�`�F �+���M �#�2 �m�b�2�/ �7�Q�` �� �r�B�/�2�` �`���M�;�2 �Q�7 �/�Q�K���B�M�b �r�B�i�?�Q�m�i �`�2�[�m�B�`�B�M�; ���b�b�m�K�T�i�B�Q�M�b
�Q�M �H���#�2�H ���p���B�H���#�B�H�B�i�v�- �B�M�+�`�2���b�B�M�; �i�?�2 �7�`���K�2�r�Q�`�F�ö�b ���T�T�H�B�+���#�B�H�B�i�v ���M�/ �;�2�M�2�`���H�B�x���#�B�H�B�i�v�X

�9�3



�h�?�2 �7�Q�H�H�Q�r�B�M�; �T���`���;�`���T�?�b �T�`�Q�p�B�/�2 ���M �Q�p�2�`�p�B�2�r �Q�7 �i�?�2 �b�i���i�2�@�Q�7�@�i�?�2�@���`�i ���T�T�`�Q���+�? �2�K�T�H�Q�v�2�/
�7�Q�` �T�2�`�7�Q�`�K���M�+�2 �2�b�i�B�K���i�B�Q�M �(�e�d�)�- ���H�Q�M�; �r�B�i�? �� �/�B�b�+�m�b�b�B�Q�M �Q�7 �B�i�b �H�B�K�B�i���i�B�Q�M�b ���M�/ �� �T�`�Q�T�Q�b���H �7�Q�`
�� �M�2�r �p�2�`�b�B�Q�M �i�?���i �B�b �#�2�i�i�2�` �b�m�B�i�2�/ �i�Q �i�?�2 �7�`���K�2�r�Q�`�F ���M�/�- �B�M �T���`�i�B�+�m�H���`�- �i�Q �J�G �+�H���b�b�B�}�2�`�b�X
�L�Q�i�2 �i�?���i �`�2�;�`�2�b�b�B�Q�M �T�`�Q�#�H�2�K�b �U�i�?�2 �J�G �K�Q�/�2�H�ö�b �Q�m�i�T�m�i �/�Q�K���B�M �B�b �+�Q�M�i�B�M�m�Q�m�b�V �+���M �#�2 �i�m�`�M�2�/
�B�M�i�Q �+�H���b�b�B�}�+���i�B�Q�M �Q�M�2�b �#�v �/�B�b�+�`�2�i�B�x�B�M�; �i�?�2 �i���`�;�2�i �/�Q�K���B�M�- ���H�i�?�Q�m�;�? ���i �i�?�2 �+�Q�b�i �Q�7 ���M �B�M�i�`�B�M�b�B�+
�T�`�2�/�B�+�i�B�Q�M �2�`�`�Q�` �/�m�2 �i�Q �i�?�2 �+�?�Q�b�2�M �/�B�b�+�`�2�i�B�x���i�B�Q�M �;�`���M�m�H���`�B�i�v�X

���p�2�`���;�2 �i�?�`�2�b�?�Q�H�/�2�/ �+�Q�M�}�/�2�M�+�2 �U���h�*�V

�6�Q�` �b�2�H�7�@�+�Q�M�i���B�M�K�2�M�i�- �r�2 �T�`�Q�p�B�/�2 ���M �Q�p�2�`�p�B�2�r �Q�7 ���h�* �(�e�d�) ���M�/ �b�i���`�i �#�v �B�M�i�`�Q�/�m�+�B�M�; �T�`�2�@
�H�B�K�B�M���`�v �i�2�`�K�B�M�Q�H�Q�;�v�X �G�2�if �#�2 ��k�@�+�H���b�b �+���H�B�#�`���i�2�/ �+�H���b�b�B�}�2�` ���M�/f k(x)�- 8k 2 Y �- �i�?�2
�T�`�2�/�B�+�i�2�/ �T�`�Q�#���#�B�H�B�i�v �Q�7 ���M �B�M�T�m�ix �#�2�H�Q�M�;�B�M�; �i�Q �Q�M�2 �+�H���b�bk �Q�7 �i�?�2 �b�2�i �Q�7 �Q�m�i�T�m�i �+�H���b�b�2�b
Y�- ���+�+�Q�`�/�B�M�; �i�Q �+�H���b�b�B�}�2�`f �X ���h�* �`�2�[�m�B�`�2�b �� �b�+�Q�`�2 �7�m�M�+�i�B�Q�M�-s : [0; 1]k ! R�- �r�?�B�+�? �i���F�2�b
���b �B�M�T�m�i �i�?�2k�@�/�B�K�2�M�b�B�Q�M���H �p�2�+�i�Q�` �Q�7 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�m�i�T�m�i �#�v �+�H���b�b�B�}�2�`f �- ���M�/ �Q�m�i�T�m�i�b ��
�`�2���H �M�m�K�#�2�`�X �h�?�2 �b�+�Q�`�2 �7�m�M�+�i�B�Q�Ms �+���T�i�m�`�2�b �i�?�2 �+�Q�M�}�/�2�M�+�2 �Q�7 �+�H���b�b�B�}�2�`f �B�M �B�i�b �T�`�2�/�B�+�i�B�Q�M
���M�/ �B�b �m�b�2�/ �i�Q �2�b�i�B�K���i�2 �i�?�2 �2�t�T�2�+�i�2�/ �K�B�b�@�+�H���b�b�B�}�+���i�B�Q�M �`���i�2�X ���b �b�m�+�?�- �i�?�2 �b�+�Q�`�2 �7�m�M�+�@
�i�B�Q�Ms �B�b �+�?�Q�b�2�M �b�m�+�? �i�?���i �B�7 �i�?�2 �+�H���b�b�B�}�2�` �T�`�2�/�B�+�i�b �i�?���i �i�?�2 �Q�m�i�T�m�i �+�H���b�b �7�Q�` ���M �B�M�T�m�ix
�B�bi 2 Y �r�B�i�? �?�B�;�? �T�`�Q�#���#�B�H�B�i�v �`�2�H���i�B�p�2�H�v �i�Q �i�?�2 �Q�i�?�2�` �+�H���b�b�2�b�- �i�?�2�Ms(f i (x)) �b�?�Q�m�H�/ �#�2
�?�B�;�?�,f i (x) >> f j (x); 8j 6= i �4) s(f i (x)) > s (f j (x)) �X �*�Q�M�p�2�`�b�2�H�v�- �B�7 �i�?�2 �+�H���b�b�B�}�2�`
�T�`�2�/�B�+�i�b �+�H���b�bi �7�Q�` �B�M�T�m�ix �r�B�i�? �`�2�H���i�B�p�2�H�v �H�Q�r �T�`�Q�#���#�B�H�B�i�v�- �i�?�2�Ms(f i (x)) �b�?�Q�m�H�/ �#�2 �H�Q�r�,
f i (x) � f j (x); 8j 6= i �4) s(f i (x)) < s (f j (x)) �X

�P�`�B�;�B�M���H�H�v�- ���h�* �(�e�d�) �+�Q�M�b�B�/�2�`�b �i�r�Q �b�+�Q�`�2 �7�m�M�+�i�B�Q�M�b�, �J���t�B�K�m�K �+�Q�M�}�/�2�M�+�2 ��s(f (x)) =
�K���tj 2Y f j (x)�c ���M�/ �L�2�;���i�B�p�2 �1�M�i�`�Q�T�v ��s(f (x)) =

P
j f j (x) �H�Q�;(f j (x)) �X �>�Q�r�2�p�2�`�- �B�M �i�?�B�b

�r�Q�`�F �r�2 �m�b�2 �Q�M�H�v �i�?�2 �L�2�;���i�B�p�2 �1�M�i�`�Q�T�v �7�m�M�+�i�B�Q�M�X
�A�M �� �M�m�i�b�?�2�H�H�- ���h�* �2�b�i�B�K���i�2�b ���M �J�G �K�Q�/�2�H�ö�b �T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v ���b �7�Q�H�H�Q�r�b�, �;�B�p�2�M ��

�p���H�B�/���i�B�Q�M �b�2�iD �p���H�Q�7 �H���#�2�H�2�/ �/���i�� �U�2�X�;�X�- �r�?�B�+�? �B�M�+�H�m�/�2�b �i�?�2 �K�Q�b�i �`�2�+�2�M�i �;�`�Q�m�M�/ �i�`�m�i�? �H���#�2�H�b
�7�Q�` �i�?�2 �T���b�i �T�`�2�/�B�+�i�B�Q�M�b �Q�7 �+�H���b�b�B�}�2�`f �V ���h�* �B�/�2�M�i�B�}�2�b �� �i�?�`�2�b�?�Q�H�/t �Q�MD �p���H�b�m�+�? �i�?���i �i�?�2
�M�m�K�#�2�` �Q�7 �b���K�T�H�2�b �i�?���i �Q�#�i���B�M �� �b�+�Q�`�2 �H�2�b�b �i�?���Mt �K���i�+�? �i�?�2 �M�m�K�#�2�` �Q�7 �2�`�`�Q�`�b �Q�7 �+�H���b�b�B�}�2�`
f �Q�MD �p���H�X �h�?�B�b �T�`�Q�+�2�/�m�`�2 �B�b �B�H�H�m�b�i�`���i�2�/ �#�v �i�?�2 �T�b�2�m�/�Q�@�+�Q�/�2 �B�M ���H�;�Q�`�B�i�?�K �R ���M�/ �+���M �#�2
�2�t�T�`�2�b�b�2�/ �+�Q�K�T���+�i�H�v ���b �7�Q�H�H�Q�r�b�,

Ex�D �p���H[I [s(f (x)) < t ]] = E(x;y )�D �p���H

�
I
�
���`�;�K���tj 2Y f j (x) 6= y

��
; �U�8�X�R�V

�r�?�2�`�2I �/�2�M�Q�i�2�b �i�?�2 �B�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�M�- ���M�/y �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �+�H���b�b �7�Q�` �B�M�T�m�ix�X �h�?�2 �H�2�7�i
�b�B�/�2 �Q�7 �i�?�2 �2�[�m���i�B�Q�M �/�2�}�M�2�b �i�?�2 �`���i�B�Q �Q�7 �b���K�T�H�2�b �B�MD �p���H�r�B�i�? �b�+�Q�`�2 �#�2�H�Q�r �i�?�2 �i�?�`�2�b�?�Q�H�/t
���M�/ �i�?�2 �`�B�;�?�i �b�B�/�2 �b�T�2�+�B�}�2�b �i�?�2 �2�`�`�Q�` �`���i�2 �7�Q�`D �p���H�U�B�X�2�X�- �M�m�K�#�2�` �Q�7 �2�`�`�Q�`�b �Q�7 �i�?�2 �+�H���b�b�B�}�2�`
f �Q�MD �p���H�V�- �r�?�B�+�? �r�2 ���H�b�Q �M�Q�i�2 ���bErr (D �p���H)�X �h�?�`�2�b�?�Q�H�/t �+���M �#�2 �2���b�B�H�v �+�Q�K�T�m�i�2�/ ���b �B�i
�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2Err (D �p���H)�@�T�2�`�+�2�M�i�B�H�2 �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �b�+�Q�`�2�b �7�Q�`D �p���H�X �P�M�2 �+���M �i�?�2�M
�2�b�i�B�K���i�2 �i�?�2 �+�Q�`�`�2�+�i�M�2�b�b �Q�7 �B�M�/�B�p�B�/�m���H �T�`�2�/�B�+�i�B�Q�M�b �Q�M �� �i���`�;�2�i�- �m�M�H���#�2�H�2�/ �/���i���b�2�iD �h �#���b�2�/
�Q�M �r�?�2�i�?�2�` �2���+�? �T�`�2�/�B�+�i�B�Q�M�ö�b �b�+�Q�`�2 �B�b ���#�Q�p�2�f�#�2�H�Q�rt�X �h�?�2 �2�`�`�Q�` �`���i�2 �7�Q�`D �h �+���M �i�?�m�b �#�2
�+�Q�K�T�m�i�2�/ ���b�,

�1�`�(̀D �h(s)) = Ex�D �h [I [s(f (x)) < t ]]: �U�8�X�k�V

�L�Q�i�2 �i�?���i ���h�* �+���M �2�b�i�B�K���i�2 �r�?�2�i�?�2�` �B�M�/�B�p�B�/�m���H �T�`�2�/�B�+�i�B�Q�M�b ���`�2 �+�Q�`�`�2�+�i �Q�` �M�Q�i�X �A�M
�i�?�2 �;�2�M�2�`���H �K�m�H�i�B�@�+�H���b�b �b�+�2�M���`�B�Q �Uk > 2�V�- �i�?�B�b �/�Q�2�b �M�Q�i ���H�H�Q�r �m�b �i�Q �T�B�M�T�Q�B�M�i �r�?�B�+�? �+�H���b�b �B�b

�9�N



���H�;�Q�`�B�i�?�K �R�G�Q�;�B�+ �2�K�T�H�Q�v�2�/ �#�v ���h�* �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �/�2�+�B�b�B�Q�M �i�?�`�2�b�?�Q�H�/t

�R�,�T�`�Q�+�2�/�m�`�2�7�B�M�/�n�i�?�`�2�b�?�Q�H�/�UD �p���H�V

�k�, �1�`�(̀D �p���H)  
k�K�B�b�+�H���b�b�B�}�2�/ �B�M�T�m�i�bk

k�B�M�T�m�i�bk
. �*�Q�K�T�m�i�2 �i�?�2 �2�`�`�Q�` �`���i�2 �Q�M �i�?�2 �p���H�B�/���i�B�Q�M �b�2�i

�j�, �`�2�i�m�`�M�S�2�`�+�2�M�i�B�H�2Err (D �p���H) �U�b�U�7�U�t�V�V�V. �_�2�i�m�`�M �i�?�2�1�`�(̀D �p���H)�@�i�? �T�2�`�+�2�M�i�B�H�2 �Q�7 �i�?�2
�b�+�Q�`�2 �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �p���H�B�/���i�B�Q�M �b�2�i

�9�,�2�M�/ �T�`�Q�+�2�/�m�`�2

�2�t�T�2�+�i�2�/ �i�Q �#�2 �i�?�2 �+�Q�`�`�2�+�i �Q�M�2�- �B�M �+���b�2 �� �+�H���b�b�B�}�2�`�ö�b �T�`�2�/�B�+�i�B�Q�M �B�b �/�2�2�K�2�/ �B�M�+�Q�`�`�2�+�i�X �>�Q�r�2�p�2�`�-
�7�Q�` �#�B�M���`�v �+�H���b�b�B�}�+���i�B�Q�M �T�`�Q�#�H�2�K�b �2�b�i�B�K���i�B�M�; �i�?�2 �+�Q�`�`�2�+�i�M�2�b�b �Q�7 �� �T�`�2�/�B�+�i�B�Q�M �B�K�T�H�B�2�b ���H�b�Q
�/�2�i�2�`�K�B�M�B�M�; �r�?�B�+�? �B�b �i�?�2 �2�t�T�2�+�i�2�/ �+�H���b�b �B�M �+���b�2 �i�?�2 �+�H���b�b�B�}�2�`�ö�b �T�`�2�/�B�+�i�B�Q�M �B�b �2�b�i�B�K���i�2�/ �i�Q
�#�2 �B�M�+�Q�`�`�2�+�i�X �h�?�B�b ���H�H�Q�r�b �m�b �i�Q �2�K�T�H�Q�v ���h�* �i�Q �2�b�i�B�K���i�2 �i�?�2 �r�?�Q�H�2 �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t�X

�*�H���b�b�@�"���b�2�/�@���h�* �U�*�"�@���h�*�V

�A�M �;�2�M�2�`���H�- �H���#�2�H �/�2�H���v �+���M �#�2 �i�?�Q�m�;�?�i �Q�7 ���b �� �7�Q�`�K �Q�7 �i�2�K�T�Q�`���H �K�B�b���H�B�;�M�K�2�M�i �#�2�i�r�2�2�M
�i�?�2 �/���i�� ���M�/ �i�?�2 �H���#�2�H�b�X �J�Q�`�2 �7�Q�`�K���H�H�v�- �7�Q�` �� �/�2�H���vd ���M�/ �+�m�`�`�2�M�i �i�B�K�2�b�i���K�Tt�- �;�`�Q�m�M�/
�i�`�m�i�? �H���#�2�H�b ���`�2 ���p���B�H���#�H�2 �7�Q�` �2�M�p�B�`�Q�M�K�2�M�i���H �2�p�2�M�i�b �U�2�X�;�X�- �i�`���M�b���+�i�B�Q�M�b �Q�7 �� �7�`���m�/ �/�2�i�2�+�i�B�Q�M
�b�v�b�i�2�K�V �i�?���i �+�Q�K�T�H�2�i�2�/ �m�T �i�Q �i�B�K�2 �B�M�b�i���M�it � d�X �h�?�m�b�- �i�Q �2�b�i�B�K���i�2 �i�?�2 �+�m�`�`�2�M�i �[�m���H�B�i�v �Q�7
���M �J�G �K�Q�/�2�H�- �Q�M�2 �2�B�i�?�2�` �`�2�b�Q�`�i�b �i�Q �U�B�V �/�2�H���v�2�/ �H���#�2�H�b�- �?�2�M�+�2 �m�b�B�M�; �b�i���H�2 �/���i�� ���b �� �T�`�Q�t�v �7�Q�`
�i�?�2 �J�G �K�Q�/�2�H�ö�b �[�m���H�B�i�v�- �Q�` �U�B�B�V �i�Q �K�2�i�?�Q�/�b �H�B�F�2 ���h�* �i�?���i ���B�K �i�Q �2�b�i�B�K���i�2 �i�?�2 �J�G �K�Q�/�2�H�ö�b
�T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v �B�M �i�?�2 ���#�b�2�M�+�2 �Q�7 �H���#�2�H�H�2�/ �/���i���X

�q�?�B�H�2 �B�M�i�2�;�`���i�B�M�; ���h�* �r�B�i�?�B�M �Q�m�` �7�`���K�2�r�Q�`�F �r�2 �B�/�2�M�i�B�}�2�/ �i�r�Q �`�2�H�2�p���M�i �b�?�Q�`�i�+�Q�K�@
�B�M�;�b�- �r�?�B�+�? �H�2�/ �m�b �i�Q �T�`�Q�T�Q�b�2 �� �M�2�r �K�2�i�?�Q�/�, �+�H���b�b�@�#���b�2�/�@���p�2�`���;�2 �i�?�`�2�b�?�Q�H�/�2�/ �+�Q�M�}�@
�/�2�M�+�2 �U�*�"�@���h�*�V�X �h�?�2 �M�2�t�i �T���`���;�`���T�?�b �/�2�b�+�`�B�#�2 ���h�*�ö�b �H�B�K�B�i���i�B�Q�M�b�- �r�?�B�+�? ���`�2 �B�H�H�m�b�i�`���i�2�/
�B�M �6�B�;�m�`�2�b �8�X�k ���M�/ �8�X�j�- ���M�/ �2�t�T�H���B�M �?�Q�r �*�"�@���h�* �+�B�`�+�m�K�p�2�M�i�b �i�?�2�K�X

�G�B�K�B�i���i�B�Q�M �R�X���h�*�ö�b �}�`�b�i �H�B�K�B�i���i�B�Q�M �B�b �`�2�H���i�2�/ �i�Q �B�i�b �U�B�K�T�H�B�+�B�i�V ���b�b�m�K�T�i�B�Q�M �Q�M �i�?�2 �/�B�b�i�`�B�@
�#�m�i�B�Q�M�b �Q�7 �b�+�Q�`�2�b �7�Q�` �i�?�2 �+�Q�`�`�2�+�i�f�B�M�+�Q�`�`�2�+�i �T�`�2�/�B�+�i�B�Q�M�b �Q�7 �2���+�? �+�H���b�b �#�2�B�M�; �ó�b�B�K�B�H���` �2�M�Q�m�;�?�ô
�b�Q �i�?���i �#�v �m�b�B�M�; �� �b�B�M�;�H�2 �i�?�`�2�b�?�Q�H�/�- �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �}�i �i�?�2 �2�`�`�Q�` �`���i�2 �Q�M �p���H�B�/���i�B�Q�M �/���i��
���+�+�m�`���i�2�H�v �7�Q�` �#�Q�i�? �T�`�2�/�B�+�i�2�/ �+�H���b�b�2�b�X �u�2�i�- �B�7 �i�?�2 �b�+�Q�`�2�b �Q�7 �B�M�+�Q�`�`�2�+�i�f�+�Q�`�`�2�+�i �T�`�2�/�B�+�i�B�Q�M�b ���`�2
�/�B�b�i�`�B�#�m�i�2�/ �B�M �/�B�z�2�`�2�M�i �`�2�;�B�Q�M�b �7�Q�` �/�B�z�2�`�2�M�i �T�`�2�/�B�+�i�2�/ �+�H���b�b�- ���b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2 �8�X�k �U�K�B�/�@
�/�H�2�V�- ���h�* �B�b �m�M���#�H�2 �i�Q �+�Q�`�`�2�+�i�H�v �}�i �i�?�2 �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t �m�b�B�M�; �� �b�B�M�;�H�2 �i�?�`�2�b�?�Q�H�/�X �*�"�@���h�*
���/�/�`�2�b�b�2�b �i�?�B�b �H�B�K�B�i���i�B�Q�M �#�v �+�Q�K�T�m�i�B�M�; �� �i�?�`�2�b�?�Q�H�/ �T�2�` �T�`�2�/�B�+�i�2�/ �+�H���b�b �U�6�B�;�m�`�2 �8�X�k�- �`�B�;�?�i�V�-
�r�?�B�+�? �B�b �b�2�i �i�Q �K���i�+�? �i�?�2 �2�`�`�Q�` �`���i�2 �7�Q�` �i�?�2 �T�`�2�/�B�+�i�B�Q�M �Q�7 �i�?���i �b�T�2�+�B�}�+ �+�H���b�b�X �J�Q�`�2 �7�Q�`�K���H�H�v�-
�B�M �*�"�@���h�* �2���+�? �+�H���b�b �i�?�`�2�b�?�Q�H�/�- �/�2�M�Q�i�2�/ ���bt i �- �r�?�2�`�2i 2 Y ���M�/Y �B�b �i�?�2 �b�2�i �Q�7 �Q�m�i�T�m�i
�+�H���b�b�2�b�- �B�b �+�Q�K�T�m�i�2�/ ���b �7�Q�H�H�Q�r�b�,

Ex�D �p���H[I [�T� �̀2�/(f (x)) = i ^ s(f (x)) < t i ]] = E(x;y )�D �p���H[I [�T� �̀2�/(f (x)) = i ^ y 6= i ]] ; �U�8�X�j�V

�r�?�2�`�2�T� �̀2�/(f (x)) �/�2�M�Q�i�2�b �i�?�2 �+�H���b�b �T�`�2�/�B�+�i�2�/ �#�v �+�H���b�b�B�}�2�`f �7�Q�` �B�M�T�m�ix�X �h�?�2 �m�b�2 �Q�7 �� �T�2�`
�+�H���b�b �i�?�`�2�b�?�Q�H�/ �T�`�Q�p�B�/�2�b �*�"�@���h�* �r�B�i�? ���/�/�B�i�B�Q�M���H �~�2�t�B�#�B�H�B�i�v �r�B�i�? �`�2�b�T�2�+�i �i�Q ���h�* ���M�/�- ���b
�B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2 �8�X�k�- ���H�H�Q�r�b �*�"�@���h�* �i�Q �}�i �T�`�2�+�B�b�2�H�v �i�?�2 �+�H���b�b�B�}�2�`�ö�b �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t�X
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�/�B�z�2�`�2�M�i �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �b�+�Q�`�2�b �7�Q�` �i�?�2 �b���K�T�H�2�b �i�?���i ���`�2 �T�`�2�/�B�+�i�2�/
���b �+�H���b�b0 ���M�/1 �U�B�X�2�X�- �#�2�H�Q�r ���M�/ ���#�Q�p�2 �i�?�2 ���b�b�m�K�2�/0:5 �K�Q�/�2�H �i�?�`�2�b�?�Q�H�/�V�X �"�v �m�b�B�M�; �Q�M�2
�i�?�`�2�b�?�Q�H�/ �T�2�` �+�H���b�b�- �*�"�@���h�* �U�`�B�;�?�i �T�H�Q�i�V ���+�+�Q�m�M�i�b �7�Q�` �i�?�2 �/�B�z�2�`�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �b�+�Q�`�2�b
�B�M �2���+�? �+�H���b�b ���M�/ �}�i�b �i�?�2 ���+�i�m���H �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t�X

�G�B�K�B�i���i�B�Q�M �k�X�h�?�2 �b�2�+�Q�M�/ �H�B�K�B�i���i�B�Q�M �i�?���i �B�b �B�M�?�2�`�2�M�i �i�Q ���h�*�ö�b �/�2�b�B�;�M �B�b �`�2�H���i�2�/ �i�Q �i�?�2
�7���+�i �i�?���i �B�M �K���M�v �`�2���H �r�Q�`�H�/ ���T�T�H�B�+���i�B�Q�M�b �U�B�M�+�H�m�/�B�M�; �J�G�@�#���b�2�/ �}�M���M�+�B���H �7�`���m�/ �/�2�i�2�+�i�B�Q�M
�b�v�b�i�2�K�b�V�- �i�?�2 �T�`�2�/�B�+�i�2�/ �+�H���b�b �/�Q�2�b �M�Q�i �M�2�+�2�b�b���`�B�H�v �+�Q�B�M�+�B�/�2 �r�B�i�? �i�?�2 �Q�M�2 �?���p�B�M�; �?�B�;�?�2�`
�T�`�Q�#���#�B�H�B�i�v ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �+�H���b�b�B�}�2�`�X �6�Q�+�m�b�B�M�; �Q�M �i�?�2 �#�B�M���`�v �+�H���b�b�B�}�+���i�B�Q�M �+���b�2�- �i�?�B�b
�K�2���M�b �i�?���i �i�?�2 �i�?�`�2�b�?�Q�H�/ �m�b�2�/ �i�Q �/�2�+�B�/�2 �i�?�2 �+�H���b�b �i�Q �r�?�B�+�? �� �T�`�2�/�B�+�i�B�Q�M �#�2�H�Q�M�;�b �U�#���b�2�/ �Q�M
�i�?�2 �K�Q�/�2�H�ö�b �Q�m�i�T�m�i �T�`�Q�#���#�B�H�B�i�B�2�b ���M�/ �`�2�7�2�`�`�2�/ �i�Q ���b �ó�J�G �K�Q�/�2�H �i�?�`�2�b�?�Q�H�/�ô �B�M �6�B�;�m�`�2�b �8�X�k
���M�/ �8�X�j�V �B�b �Q�7�i�2�M �M�Q�i0:5�X �6�B�;�m�`�2 �8�X�j �B�H�H�m�b�i�`���i�2�b �i�?�B�b �b�+�2�M���`�B�Q�- ���M�/ �+�Q�M�b�B�/�2�`�b �� �+���b�2 �B�M �r�?�B�+�?
�i�?�2 �J�G �K�Q�/�2�H�ö�b �i�?�`�2�b�?�Q�H�/ �B�b �b�2�i�- �#�v �/�2�b�B�;�M�- ���#�Q�p�20:5�X

�h�?�B�b �2�t���K�T�H�2 �/�2�K�Q�M�b�i�`���i�2�b �i�?���i ���h�* �7���B�H�b �i�Q �+�Q�`�`�2�+�i�H�v �}�i �i�?�2 �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t ���M�/
�r�2 ���`�;�m�2 �i�?���i �i�?�B�b �B�b �/�m�2 �i�Q �i�r�Q �K���B�M �+���m�b�2�b�, �U�B�V �i�?�2 �m�b�2 �Q�7 �� �b�B�M�;�H�2 �i�?�`�2�b�?�Q�H�/ �i�Q �}�i �i�?�2
�;�H�Q�#���H �2�`�`�Q�` �`���i�2 �`���i�?�2�` �i�?���M �� �T�2�` �+�H���b�b �2�`�`�Q�` �`���i�2 �U���b �/�B�b�+�m�b�b�2�/ �#�v �G�B�K�B�i���i�B�Q�M �R�V�c �U�B�B�V �i�?�2
�m�b�2 �Q�7 �� �b�+�Q�`�B�M�; �7�m�M�+�i�B�Q�M �U�H�B�F�2 �M�2�;���i�B�p�2 �2�M�i�`�Q�T�v�V�- �r�?�B�+�? �B�b �b�v�K�K�2�i�`�B�+ ���`�Q�m�M�/0:5�- �7���B�H�b �i�Q
�+���T�i�m�`�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �F�2�v �/�2�b�B�`���#�H�2 �T�`�Q�T�2�`�i�v �r�?�2�M�2�p�2�` �i�?�2 �K�Q�/�2�H�ö�b �i�?�`�2�b�?�Q�H�/ �B�b �M�Q�i0:5�,
�r�?�2�M �i�?�2 �K�Q�/�2�H �T�`�2�/�B�+�i�2�/ �T�`�Q�#���#�B�H�B�i�v �;�2�i�b �+�H�Q�b�2�` �i�Q �i�?�2 �K�Q�/�2�H�ö�b �i�?�`�2�b�?�Q�H�/ �U�7�`�Q�K ���M�v �;�B�p�2�M
�/�B�`�2�+�i�B�Q�M�- �B�X�2�X�- ���#�Q�p�2 �Q�` �#�2�H�Q�r �B�M �6�B�;�m�`�2�b �8�X�k ���M�/ �8�X�j�V�- �i�?�2 �b�+�Q�`�B�M�; �7�m�M�+�i�B�Q�M �b�?�Q�m�H�/ ���H�b�Q
�/�2�+�`�2���b�2 �U�m�M�+�2�`�i���B�M�i�v �;�`�Q�r�b ���b �r�2 ���T�T�`�Q���+�? �i�?�2 �i�?�`�2�b�?�Q�H�/�V�X �h�Q �i���+�F�H�2 �i�?�B�b �B�b�b�m�2�- �*�"�@���h�*
�m�b�2�b �� �K�Q�/�B�}�2�/ �p�2�`�b�B�Q�M �Q�7 �i�?�2 �L�2�;���i�B�p�2 �1�M�i�`�Q�T�v �7�m�M�+�i�B�Q�M�- �r�?�B�+�? �r�2 �+���H�H �J�Q�/�B�}�2�/ �L�2�;���i�B�p�2
�1�M�i�`�Q�T�v �UMNE �V ���M�/ �B�b �/�2�}�M�2�/ ���b �7�Q�H�H�Q�r�b�,

MNE (f (x); �T� �̀2�/(f (x))) =

(
NE (f (x)) ; �B�7�T� �̀2�/(f (x)) = ���`�;�K���tj 2Y (f j (x))

� NE (f (x)) � 2; �Q�i�?�2�`�r�B�b�2
�U�8�X�9�V

�r�?�2�`�2NE () �b�i���M�/�b �7�Q�` �i�?�2 �L�2�;���i�B�p�2 �1�M�i�`�Q�T�v �7�m�M�+�i�B�Q�M�X ���M���H�v�x�B�M�; �6�B�;�m�`�2 �8�X�j�- �B�i �B�b �T�Q�b�b�B�#�H�2
�i�Q �b�2�2 �i�?���iMNE () �2�M�b�m�`�2�b�- �#�v �/�2�b�B�;�M�- �i�?���i �i�?�2 �i�r�Q �K�B�b�+�H���b�b�B�}�2�/ �b���K�T�H�2�b �7�Q�` �r�?�B�+�? �+�H���b�b
�y �r���b �T�`�2�/�B�+�i�2�/ �;�2�i �� �H�Q�r�2�` �b�+�Q�`�2 �i�?���M ���M�v �Q�i�?�2�` �T�`�2�/�B�+�i�2�/ �+�H���b�b�@�y �b���K�T�H�2 �B�M �i�?�2 �p���H�B�/���i�B�Q�M
�b�2�i �U�b���K�T�H�2�b�2���M�/�7���`�2 �i�?�2 �+�H�Q�b�2�b�i �i�Q �i�?�2 �J�G �K�Q�/�2�H�ö�b �i�?�`�2�b�?�Q�H�/ ���M�/ �+�Q�`�`�2�b�T�Q�M�/ �i�Q �K�Q�`�2
�m�M�+�2�`�i���B�M �T�`�2�/�B�+�i�B�Q�M�b�V�X �q�2 �2�p���H�m���i�2 �*�"�@���h�* �B�M �a�2�+�i�B�Q�M �e�X�k�X�k �r�B�i�? �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M
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�6�B�;�m�`�2 �8�X�j�, ���h�* �U�K�B�/�/�H�2�V �7���B�H�b �i�Q �+�Q�`�`�2�+�i�H�v �}�i �i�?�2 ���+�i�m���H �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t �U�H�2�7�i�V �B�M ��
�b�+�2�M���`�B�Q �B�M �r�?�B�+�? �i�?�2 �K�Q�/�2�H �i�?�`�2�b�?�Q�H�/ �B�b �b�2�i �i�Q �� �p���H�m�2 �/�B�z�2�`�2�M�i �7�`�Q�K0:5 �U�i�Q �+�Q�M�i�`�Q�H �i�?�2
�i�`���/�2�@�Q�z �#�2�i�r�2�2�M �`�2�+���H�H ���M�/ �T�`�2�+�B�b�B�Q�M�V�X �A�M �i�?�2 �b���K�2 �b�+�2�M���`�B�Q�- �*�"�@���h�* �U�`�B�;�?�i�V �+���M �+�Q�`�`�2�+�i�H�v
�}�i �i�?�2 ���+�i�m���H �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t �#�v�, �U�B�V �}�i�i�B�M�; �i�?�2 �2�`�`�Q�` �`���i�2 �Q�7 �2���+�? �+�H���b�b �p�B�� �� �/�B�z�2�`�2�M�i
�i�?�`�2�b�?�Q�H�/�c �U�B�B�V �2�K�T�H�Q�v�B�M�; �� �J�Q�/�B�}�2�/ �L�2�;���i�B�p�2 �1�M�i�`�Q�T�v �b�+�Q�`�2 �7�m�M�+�i�B�Q�M�- �r�?�B�+�? �2�M�b�m�`�2�b �i�?���i
P(f (x) = 1) �K�Q�M�Q�i�Q�M�B�+���H�H�v �/�2�+�`�2���b�2�b ���b �B�i ���T�T�`�Q���+�?�2�b �i�?�2 �J�G �K�Q�/�2�H�ö�b �i�?�`�2�b�?�Q�H�/ �U�B�X�2�X�- ���b ��
�T�`�2�/�B�+�i�B�Q�M�ö�b �m�M�+�2�`�i���B�M�i�v �B�M�+�`�2���b�2�b�V�X

�m�b�2�@�+���b�2 ���M�/ �/�2�K�Q�M�b�i�`���i�2 �?�Q�r �B�i ���H�H�Q�r�b �i�?�2 �7�`���K�2�r�Q�`�F �i�Q �B�K�T�`�Q�p�2 �Q�p�2�`���H�H �b�v�b�i�2�K �m�i�B�H�B�i�v
�+�Q�K�T���`�2�/ �i�Q �� �p�2�`�b�B�Q�M �i�?���i �m�b�2�b ���h�* ���M�/ �i�Q �� �p�2�`�b�B�Q�M �i�?���i �`�2�H�B�2�b �Q�M �/�2�H���v�2�/ �H���#�2�H�b�X

�8�X�8 �G�Q�M�;�@�i�2�`�K �1�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �"�2�M�2�}�i�b �Q�7 �J�Q�/�2�H
�_�2�i�`���B�M

�l�T �m�M�i�B�H �i�?�B�b �T�Q�B�M�i�- �r�2 �T�`�2�b�2�M�i�2�/ �� �b�?�Q�`�i�@�b�B�;�?�i�2�/ �p�2�`�b�B�Q�M �Q�7 �i�?�2 ���/���T�i���i�B�Q�M �7�`���K�2�r�Q�`�F �i�?���i
�/�Q�2�b �M�Q�i �i���F�2 �7�m�H�H ���/�p���M�i���;�2 �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�2�` �i�Q �T�H���M �7�Q�` �i�?�2 �H�Q�M�; �i�2�`�K�X �A�M
�i�?�B�b �b�2�+�i�B�Q�M �r�2 �B�M�i�`�Q�/�m�+�2�_�B�T�T�H�2�- �U�_�2�i�`���B�M�A�K�S���+�i�S�`�2�/�B�+�i�Q�` �7�Q�`�G�Q�M�;�@�i�1�`�K �S�H���M�M�B�M�;�V�- ��
�b�2�H�7�@���/���T�i���i�B�Q�M ���T�T�`�Q���+�? �i�Q �/�2�+�B�/�2 �7�Q�` �i�?�2 �H�Q�M�; �i�2�`�K �r�?�2�M �i�Q �`�2�i�`���B�M �J�G�@�2�M���#�H�2�/ �b�v�b�i�2�K�b�X
�a�T�2�+�B�}�+���H�H�v�-�_�B�T�T�H�2�7�Q�+�m�b�2�b �Q�M �i�?�2 �K�Q�/�2�H�_�2�i� �̀��B�M�i���+�i�B�+ ���M�/ �B�b �H���i�2�` �2�p���H�m���i�2�/ �#���b�2�/ �Q�M
�i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M �m�b�2�@�+���b�2 �U�a�2�+�i�B�Q�M �e�X�k�V�X

�*�?���H�H�2�M�;�2�b �Q�7 �m�b�B�M�; �i�?�2 �7�`���K�2�r�Q�`�F �7�Q�` �H�Q�M�;�@�i�2�`�K �T�H���M�M�B�M�;

�h�?�2 �K�2�i�?�Q�/�Q�H�Q�;�v �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �8�X�j �/�Q�2�b �M�Q�i �b�m�T�T�Q�`�i �H�Q�M�;�@�i�2�`�K �T�H���M�M�B�M�; ���M�/ �2�t�@
�i�2�M�/�B�M�; �B�i �i�Q �T�H���M �7�Q�` �i�?�2 �H�Q�M�; �i�2�`�K �B�b �M�Q�i �i�`�B�p�B���H �7�Q�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2���b�Q�M�b�X

�A�X ���A�S�b �+���M�M�Q�i �#�2 �B�M�i�2�;�`���i�2�/ �B�M �K�Q�/�2�H �+�?�2�+�F�2�`�b �b�m�+�? ���b �S�_�A�a�J �(�N�N�)�X�"�2�+���m�b�2
�i�?�2 ���A�S�b ���`�2 �+�Q�K�T�H�2�t �K�Q�/�2�H�b�- �T�Q�b�b�B�#�H�v �#�H���+�F�@�#�Q�t �U�2�X�;�X�- �`���M�/�Q�K �7�Q�`�2�b�i �Q�` �M�2�m�`���H �M�2�i�r�Q�`�F
�K�Q�/�2�H�b�V �i�?�2�v �+���M �M�Q�i �#�2 �2�{�+�B�2�M�i�H�v �U�M�Q�` �2���b�B�H�v�V �B�K�T�H�2�K�2�M�i�2�/ ���b �T���`�i �Q�7 �i�?�2 �7�Q�`�K���H �K�Q�/�2�H�X
�h�?�2�`�2�7�Q�`�2�- ���b �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �8�X�j �i�?�2 ���A�S�b ���`�2 �[�m�2�`�B�2�/ �T�`�B�Q�` �i�Q �2�t�i�`���+�i�B�M�; �i�?�2 �2�t�T�2�+�i�2�/
�Q�T�i�B�K���H ���/���T�i���i�B�Q�M �b�i�`���i�2�;�v �r�B�i�? �i�?�2 �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�2�`�X �h�?�2 �T�`�2�/�B�+�i�B�Q�M�b �Q�7 �i�?�2
���A�S�b�- �r�?�B�+�? �2�M�+�Q�/�2 �i�?�2 �2�t�T�2�+�i�2�/ �#�2�M�2�}�i�b �Q�7 �2�t�2�+�m�i�B�M�; �i�?�2� �̀2�i� �̀��B�M���M�/�M�Q�T���/���T�i���i�B�Q�M
�i���+�i�B�+�b�- ���`�2 �i�?�2�M �b�2�M�i �i�Q �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�` ���b �B�M�T�m�i �7�2���i�m�`�2�b �7�Q�` �i�?�2 �7�Q�`�K���H �p�2�`�B�}�+���i�B�Q�M

�8�k



�6�B�;�m�`�2 �8�X�9�, �P�p�2�`�p�B�2�r �Q�7 �i�?�2 �T�`�Q�+�2�b�b �i�Q �B�M�b�i���M�i�B���i�2 �H�Q�M�;�@�b�B�;�?�i�2�/ �b�2�H�7�@���/���T�i�B�p�2 �J�G�@�2�M���#�H�2�/
�b�v�b�i�2�K�b �p�B���_�B�T�T�H�2�X

�T�`�Q�+�2�b�b �i�Q �b�i���`�i�X �h�?�B�b ���T�T�`�Q���+�? �B�b ���+�+�2�T�i���#�H�2 �7�Q�` �b�?�Q�`�i�@�i�2�`�K �T�H���M�M�B�M�;�- ���b �Q�M�2 �?���b �i�Q �T�`�2�@
�[�m�2�`�v �2���+�? ���A�S �Q�M�H�v �Q�M�+�2 �i�Q �;�2�i �i�?�2 �T�`�2�/�B�+�i�B�Q�M �Q�7 �i�?�2 �2�z�2�+�i�b �Q�7 �2���+�? ���/���T�i���i�B�Q�M �i���+�i�B�+
�b�Q�H�2�H�v �7�Q�` �i�?�2 �b�m�#�b�2�[�m�2�M�i �i�B�K�2 �B�M�i�2�`�p���H�X

�>�Q�r�2�p�2�`�- �7�Q�` �H�Q�M�;�@�i�2�`�K �T�H���M�M�B�M�; �b�+�2�M���`�B�Q�b �Q�7 �H�Q�Q�F�@���?�2���/L > 1 �B�i �B�b �M�Q�i �7�2���b�B�#�H�2 �i�Q
�T�`�2�@�[�m�2�`�v �i�?�2 ���A�S�b �i�Q �;�2�i �T�`�2�/�B�+�i�B�Q�M�b �7�Q�` �i�?�2L �7�m�i�m�`�2 �b�i���i�2�b �Q�7 �i�?�2 �J�G �K�Q�/�2�H �U���M�/ �7�Q�` ���H�H
�i�?�2 �i���+�i�B�+�b ���p���B�H���#�H�2 �7�Q�` �2�t�2�+�m�i�B�Q�M �� �2�X�;�X� �̀2�i� �̀��B�M���M�/�M�Q�T�V�- ���M�/ �i�?�2�M �b�2�M�/ �i�?�2�b�2 �T�`�2�/�B�+�i�B�Q�M�b
���b �B�M�T�m�i �i�Q �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�`�X �:�2�i�i�B�M�; �T�`�2�/�B�+�i�B�Q�M�b �7�Q�` �i�?�2L �7�m�i�m�`�2 �b�i���i�2�b �Q�7 �i�?�2 �J�G �K�Q�/�2�H
�`�2�[�m�B�`�2�b �b�B�K�m�H���i�B�M�; �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �b�v�b�i�2�K ���M�/ �Q�7 �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i �Q�m�i�b�B�/�2 �i�?�2 �K�Q�/�2�H
�+�?�2�+�F�2�`�X �u�2�i�- �i�?�B�b �B�b �2�t���+�i�H�v �r�?���i �K�Q�/�2�H �+�?�2�+�F�2�`�b �/�Q �/�m�`�B�M�; �i�?�2 �p�2�`�B�}�+���i�B�Q�M �T�`�Q�+�2�b�b�X ���b
�b�m�+�?�- �`�2�T�2���i�B�M�; �i�?�2 �b�B�K�m�H���i�B�Q�M �Q�m�i�b�B�/�2 �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�` �r�Q�m�H�/ �`�2�M�/�2�` �i�?�2 �r�?�Q�H�2 �T�`�Q�+�2�b�b
�B�M�2�{�+�B�2�M�i ���M�/ �2�`�`�Q�`�@�T�`�Q�M�2�X

�A�A�X �J�Q�/�2�H �+�?�2�+�F�2�`�b �H���+�F �b�m�T�T�Q�`�i �7�Q�` �T���m�b�B�M�; ���M�/ �`�2�b�m�K�B�M�; �� �7�Q�`�K���H �p�2�`�B�}�+���i�B�Q�M
�T�`�Q�+�2�b�b�X�.�m�2 �i�Q �i�?�2 �B�M���#�B�H�B�i�v �i�Q �b�i�`���B�;�?�i�7�Q�`�r���`�/�H�v �B�M�+�H�m�/�2 �i�?�2 ���A�S�b �B�M �i�?�2 �7�Q�`�K���H �K�Q�/�2�H�-
���M ���H�i�2�`�M���i�B�p�2 �Q�T�i�B�Q�M �+�Q�m�H�/ �#�2 �i�Q �[�m�2�`�v �i�?�2 ���A�S�b �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �p�2�`�B�}�+���i�B�Q�M �T�`�Q�+�2�b�b�-
�r�?�2�M�2�p�2�` �B�i �`�2�[�m�B�`�2�b �i�?�2 �#�2�M�2�}�i�b �T�`�2�/�B�+�i�B�Q�M�X �>�Q�r�2�p�2�`�- �2�t�B�b�i�B�M�; �K�Q�/�2�H �+�?�2�+�F�2�`�b �/�Q �M�Q�i
�b�m�T�T�Q�`�i �B�M�p�Q�F�B�M�; �2�t�i�2�`�M���H �#�H���+�F �#�Q�t �7�m�M�+�i�B�Q�M�b �K�B�/�@�r���v �i�?�`�Q�m�;�? �i�?�2 �p�2�`�B�}�+���i�B�Q�M �T�`�Q�+�2�b�b�X
�a�m�T�T�Q�`�i�B�M�; �i�?�B�b �7�2���i�m�`�2 �B�b �+�?���H�H�2�M�;�B�M�; �;�B�p�2�M �i�?���i �2�t�i�2�`�M���H �[�m�2�`�B�2�b �Q�7 �#�H���+�F�@�#�Q�t �7�m�M�+�i�B�Q�M�b
�r�Q�m�H�/ �+���m�b�2 �i�?�2 �b�i���i�2 �Q�7 �i�?�2 �K�Q�/�2�H �#�2�B�M�; �+�?�2�+�F�2�/ �i�Q �p���`�v �B�M �m�M�F�M�Q�r�M ���M�/ �m�M�T�`�2�/�B�+�i���#�H�2
�r���v�b�X �h�?�B�b �/�`���b�i�B�+���H�H�v �`�2�/�m�+�2�b �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �Q�7 ���T�T�H�v�B�M�; �T���i�?�@�T�`�m�M�B�M�; �i�2�+�?�M�B�[�m�2�b �B�M �i�?�2
�p�2�`�B�}�+���i�B�Q�M �T�`�Q�+�2�b�b�- �r�?�B�+�? ���`�2 �+�`�m�+�B���H �i�Q �K���M���;�B�M�; �b�i���i�2 �b�T���+�2 �2�t�T�H�Q�b�B�Q�M ���M�/ �2�M�?���M�+�B�M�;
�2�{�+�B�2�M�+�v �Q�7 �i�?�2 �p�2�`�B�}�+���i�B�Q�M �T�`�Q�+�2�b�b �(�9�N�)�X

�8�X�8�X�R �_�B�T�T�H�2�, �_�2�i�`���B�M �A�K�S���+�i �S�`�2�/�B�+�i�Q�` �7�Q�` �G�Q�M�;�@�i�1�`�K �T�H���M�M�B�M�;

�_�B�T�T�H�2�2�t�i�2�M�/�b �i�?�2 �7�`���K�2�r�Q�`�F ���M�/ �2�M���#�H�2�b �H�Q�M�;�@�i�2�`�K �T�H���M�M�B�M�; �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�M �i�Q
� �̀2�i� �̀��B�M���M �J�G �K�Q�/�2�H�X �h�Q �/�Q �b�Q�- ���M�/ ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �8�X�9�-�_�B�T�T�H�2�`�2�[�m�B�`�2�b �2�M�;�B�M�2�2�`�b
�i�Q�,�U�R�V�K�Q�M�B�i�Q�` �i�?�2 �J�G�@�2�M���#�H�2�/ �b�v�b�i�2�K �i�?���i �B�b �B�M �T�`�Q�/�m�+�i�B�Q�M ���M�/ �+�Q�H�H�2�+�i �/���i��D �Q�M �i�?�2
�[�m�2�`�B�2�b �i�?���i �i�?�2 �J�G �K�Q�/�2�H �`�2�+�2�B�p�2�b ���M�/ �Q�M �i�?�2 �Q�m�i�T�m�i�b �i�?���i �B�i �;�2�M�2�`���i�2�b�c�U�k�V�#�m�B�H�/ ���M
���T�T�H�B�+���i�B�Q�M �b�T�2�+�B�}�+ ���/���T�i���i�B�Q�M �B�K�T���+�i �/���i���b�2�i �U���A�.�V �#���b�2�/ �Q�M �/���i��D �c�U�j�V�#���b�2�/ �Q�M �i�?�2
���A�.�- �i�`���B�M�G�Q�Q�F�@�� �?�2���/�@���A�S�b �U�G���@���A�S�b�V�c�U�9�V�+�`�2���i�2 �� �7�Q�`�K���H �K�Q�/�2�H �Q�7 �i�?�2 �J�G�@�2�M���#�H�2�/
�b�v�b�i�2�K�- �B�M�i�2�;�`���i�B�M�; �i�?�2 �G���@���A�S�b�c�U�8�V�/�2�T�H�Q�v�_�B�T�T�H�2�B�M �T�`�Q�/�m�+�i�B�Q�M ���M�/ �T�H���M �r�?�2�M �i�Q
�`�2�i�`���B�M �i�?�2 �J�G �K�Q�/�2�H �m�b�B�M�; �� �}�M�B�i�2 �H�Q�Q�F�@���?�2���/L �X �l�H�i�B�K���i�2�H�v�-�_�B�T�T�H�2�M�2�2�/�b ���b �B�M�T�m�i�b
�i�?�2 �J�G �K�Q�/�2�H�ö�b �+�m�`�`�2�M�i �T�`�2�/�B�+�i�B�p�2 �T�2�`�7�Q�`�K���M�+�2 �U�B�X�2�X�- �[�m���H�B�i�v �K���i�`�B�t �Q�` �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t�V�-
�i�?�2 �Q�H�/ �/���i�� �i�?���i �?���b �#�2�2�M �m�b�2�/ �i�Q �i�`���B�M �i�?�2 �J�G �K�Q�/�2�H�- ���M�/ �i�?�2 �M�2�r �/���i�� �i�?���i �i�?�2 �J�G
�K�Q�/�2�H �K�B�;�?�i �#�2 �`�2�@�i�`���B�M�2�/ �r�B�i�?�- �b�Q �i�?���i�_�B�T�T�H�2�+���M �;�2�M�2�`���i�2 ���M �2�t�T�2�+�i�2�/ �Q�T�i�B�K���H �T�Q�H�B�+�v
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�7�Q�` �/�2�+�B�/�B�M�; �r�?�2�M ���M�/ �r�?�2�M �M�Q�i �i�Q� �̀2�i� �̀��B�M�Q�p�2�` �� �}�t�2�/ �H�Q�Q�F�@���?�2���/ �?�Q�`�B�x�Q�M�X �h�?�2 �7�Q�H�H�Q�r�B�M�;
�b�2�+�i�B�Q�M�b �2�H���#�Q�`���i�2 �Q�M�_�B�T�T�H�2�ö�b �#�m�B�H�/�B�M�; �#�H�Q�+�F�b�X

�G�Q�Q�F�@���?�2���/ ���/���T�i���i�B�Q�M �B�K�T���+�i �/���i���b�2�i �U�G���@���A�.�V

�h�?�2 �G���@���A�. �B�b �i�?�2 �#���b�B�b �7�Q�` �#�m�B�H�/�B�M�; �G���@���A�S�b ���M�/ �B�b �+�Q�M�b�i�`�m�+�i�2�/ �m�b�B�M�; �� �i�r�Q�@�b�i�2�T �T�`�Q�+�2�b�b�X
�h�?�2 �}�`�b�i �b�i�2�T �B�b �i�Q �#�m�B�H�/ ���M ���A�. �#�v �7�Q�H�H�Q�r�B�M�; �i�?�2 �T�`�Q�+�2�b�b �Q�m�i�H�B�M�2�/ �B�M �a�2�+�i�B�Q�M �8�X�j�X �h�?�B�b
�`�2�[�m�B�`�2�b�, �U�R�V �;�2�i�i�B�M�; �T�`�Q�/�m�+�i�B�Q�M �/���i�� �i�?���i �+�?���`���+�i�2�`�B�x�2�b �i�?�2 �#�2�?���p�B�Q�` �Q�7 �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i
�U�2�X�;�X�- �T�`�2�p�B�Q�m�b �[�m�2�`�B�2�b �7�Q�` �i�?�2 �J�G �K�Q�/�2�H ���M�/ ���b�b�Q�+�B���i�2�/ �;�`�Q�m�M�/ �i�`�m�i�? �H���#�2�H�b�V �/�m�`�B�M�; ��
�}�t�2�/ �T�2�`�B�Q�/�- �2�X�;�X�- �k �K�Q�M�i�?�b�c �U�k�V �b�2�i�i�B�M�; �� �i�B�K�2 �B�M�i�2�`�p���H �U�2�X�;�X�- �?�Q�m�`�H�v�- �/���B�H�v�- �Q�` �r�2�2�F�H�v�V ���M�/
�`�2�i�`���B�M�B�M�; �i�?�2 �J�G �K�Q�/�2�H ���i �2���+�? �i�B�K�2 �B�M�i�2�`�p���H�c �U�j�V �2�p���H�m���i�B�M�; �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �2���+�?
�`�2�i�`���B�M�2�/ �J�G �K�Q�/�2�H �Q�M ���H�H �7�m�i�m�`�2 �i�B�K�2 �B�M�i�2�`�p���H�b �U�r�B�i�?�Q�m�i �7�m�`�i�?�2�` �`�2�i�`���B�M�B�M�; �2���+�? �K�Q�/�2�H�V�X

�"�v �/�B�p�B�/�B�M�; �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �/���i�� �b�2�H�2�+�i�2�/ �7�Q�` �#�m�B�H�/�B�M�; �i�?�2 ���A�. �B�M�i�Qt �i�B�K�2 �B�M�i�2�`�p���H�b�- �i�?�B�b
�T�`�Q�+�2�b�b �v�B�2�H�/�bRi �-1 � i � t �`�2�i�`���B�M�2�/ �K�Q�/�2�H�b�X �h�Q �}�M���H�B�x�2 �i�?�2 ���A�. ���M�/ �+�Q�K�T�m�i�2 �i�?�2 �7�2���i�m�`�2�b
�i�?���i �i�?�2 ���A�S�b �2�K�T�H�Q�v �r�?�2�M �2�b�i�B�K���i�B�M�; �i�?�2 �#�2�M�2�}�i�b �Q�7 �� �`�2�i�`���B�M�- �B�i �B�b �M�2�+�2�b�b���`�v �i�Q �+�Q�K�T���`�2
�i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �/�B�z�2�`�2�M�i �`�2�i�`���B�M�2�/ �K�Q�/�2�H�b ���i �b�T�2�+�B�}�+ �i�B�K�2 �B�M�i�2�`�p���H�b�X �6�Q�` �B�M�b�i���M�+�2�- �i�Q
�;�2�i �i�?�2 �#�2�M�2�}�i�b �Q�7 �`�2�i�`���B�M�B�M�; �i�?�2 �J�G �K�Q�/�2�H ���i �i�B�K�2 �B�M�i�2�`�p���Hj �- �r�2 �+�Q�K�T���`�2 �`�2�i�`���B�M�2�/ �K�Q�/�2�H
Rj �r�B�i�? �2���+�? �T�`�2�p�B�Q�m�b�H�v �`�2�i�`���B�M�2�/ �K�Q�/�2�HRi �-1 � i < j �X �:�H�Q�#���H�H�v�- �#�v �+�Q�K�T���`�B�M�; ���H�H �T���B�`�b �Q�7
�`�2�i�`���B�M�2�/ �K�Q�/�2�H�b�- �r�2 �Q�#�i���B�M ���M ���A�. �Q�7 �b�B�x�2O(t2) �U�K�Q�`�2 �T�`�2�+�B�b�2�H�vt � (t � 1)

2 �V�- �#���b�2�/ �Q�M �i�?�2t
�`�2�i�`���B�M�2�/ �K�Q�/�2�H�b�X

�P�M�+�2 �i�?�2 ���A�. �B�b �+�`�2���i�2�/�- �r�2 �+���M �;�2�M�2�`���i�2 �i�?�2 �G���@���A�.�X ���H�i�?�Q�m�;�? ���b �/�2�i���B�H�2�/ �B�M �i�?�2 �M�2�t�i
�b�2�+�i�B�Q�M �i�?�2 �G���@���A�. �+�Q�M�b�i�`�m�+�i�B�Q�M �p���`�B�2�b �b�H�B�;�?�i�H�v �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �i�v�T�2 �Q�7 �G���@���A�S�b �i�?���i
���`�2 �B�K�T�H�2�K�2�M�i�2�/�- �i�?�2�`�2 ���`�2 �b�i�B�H�H �+�Q�K�K�Q�M �b�i�2�T�b �i�?���i �M�2�2�/ �i�Q �#�2 �T�2�`�7�Q�`�K�2�/�X �a�T�2�+�B�}�+���H�H�v�- �i�?�2
���A�. �M�2�2�/�b �i�Q �#�2 �2�t�i�2�M�/�2�/ �r�B�i�? �i�?�2 �#�2�M�2�}�i�b �Q�7 �`�2�i�`���B�M�B�M�; �K�Q�/�2�H�b �B�M �7�m�i�m�`�2 �i�B�K�2 �B�M�i�2�`�p���H�b�X
�6�Q�` �B�M�b�i���M�+�2�- �7�Q�` �`�2�i�`���B�M�2�/ �K�Q�/�2�HRj �- �i�?�2 �G���@���A�. �+�Q�M�i���B�M�b �i�?�2 �#�2�M�2�}�i�b �Q�7 �i�?�B�b �`�2�i�`���B�M ���i
�i�B�K�2�bj + 1; j + 2; :::; j + L�- �r�?�2�`�2L �B�b �i�?�2 �i���`�;�2�i �H�Q�Q�F�@���?�2���/�X �*�Q�M�p�2�`�b�2�H�v�- �i�?�2 ���A�. �Q�M�H�v
�?���b �i�?�2 �#�2�M�2�}�i�b ���i �i�B�K�2j �X

�h�Q �+�`�2���i�2 �i�?�2 ���A�. ���M�/ �G���@���A�.�b �r�2 ���b�b�m�K�2 �i�?���i �i�?�2 ���/���T�i���i�B�Q�M �i���+�i�B�+�b �2�t�2�+�m�i�2�/ �/�Q �M�Q�i
�B�M�~�m�2�M�+�2 �i�?�2 �7�m�i�m�`�2 �/���i�� �i�?���i �i�?�2 �b�v�b�i�2�K �`�2�+�2�B�p�2�b�X �6�Q�` �B�M�b�i���M�+�2�- �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M �b�v�b�i�2�K
�?���b �� �b�B�M�;�H�2 �i�`���+�2 �Q�7 �i�`���M�b���+�i�B�Q�M�b �i�?���i �B�b �M�Q�i ���z�2�+�i�2�/ �#�v �K�Q�/�2�H �`�2�i�`���B�M�b�, �i�?�2 �i�`���M�b���+�i�B�Q�M�b
�i�?���i �Q�+�+�m�` ���i �i�B�K�2t ���`�2 �M�Q�i ���z�2�+�i�2�/ �#�v �i�?�2 ���/���T�i���i�B�Q�M �i���+�i�B�+ �2�t�2�+�m�i�2�/ ���i �i�B�K�2t � 1�X

�G�Q�Q�F�@���?�2���/ ���/���T�i���i�B�Q�M �A�K�T���+�i �S�`�2�/�B�+�i�Q�`�b

�q�2 �b�i���`�i �#�v �/�2�b�+�`�B�#�B�M�; �i�?�2 �+�?���H�H�2�M�;�2�b �Q�7 �+�`�2���i�B�M�; �G���@���A�S�b�- ���M�/ �i�?�2 �i�`���/�2�@�Q�z�b �B�M�p�Q�H�p�2�/
�B�M �b�2�H�2�+�i�B�M�; �B�M�T�m�i �7�2���i�m�`�2�b �7�Q�` �G���@���A�S�b�X �h�?�2�M�- �r�2 �T�`�2�b�2�M�i �i�r�Q ���H�i�2�`�M���i�B�p�2 �b�i�`���i�2�;�B�2�b �i�Q
�B�K�T�H�2�K�2�M�i �G���@���A�S�b�- �/�B�b�+�m�b�b�B�M�; �i�?�2�B�` ���/�p���M�i���;�2�b ���M�/ �/�B�b���/�p���M�i���;�2�b�X

�*�?���H�H�2�M�;�2�b �Q�7 �#�m�B�H�/�B�M�; �G���@���A�S�b�X�A�M�b�i���M�i�B���i�B�M�; �H�Q�Q�F�@���?�2���/ ���/���T�i���i�B�Q�M �B�K�T���+�i �T�`�2�/�B�+�@
�i�Q�`�b �U�G���@���A�S�b�V �B�b �+�?���H�H�2�M�;�B�M�; �7�Q�` �i�r�Q �K���B�M �`�2���b�Q�M�b�X �6�B�`�b�i�- �i�Q �H�2�p�2�`���;�2 �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�`�ö�b
�H�Q�M�;�@�i�2�`�K �T�H���M�M�B�M�; �+���T���#�B�H�B�i�B�2�b�- �i�?�2 �G���@���A�S�b �?���p�2 �i�Q �#�2 �K�Q�/�2�H�b �Q�7 �H�Q�r �+�Q�K�T�H�2�t�B�i�v �U�2�X�;�X�-
�H�B�M�2���` �K�Q�/�2�H�b �(�8�d�)�- �b�?���H�H�Q�r �/�2�+�B�b�B�Q�M �i�`�2�2�b �(�R�e�- �k�j�)�V �b�m�+�? �i�?���i �i�?�2�v �+���M �#�2 �2�M�+�Q�/�2�/ �B�M �i�?�2
�7�Q�`�K���H �K�Q�/�2�H�X
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�h�?�2 �b�2�+�Q�M�/ �+�?���H�H�2�M�;�2�- �`�2�b�m�H�i�B�M�; �7�`�Q�K �B�M�+�H�m�/�B�M�; �i�?�2 �G���@���A�S�b �B�M �i�?�2 �7�Q�`�K���H �K�Q�/�2�H�- �B�b
�b�B�K�m�H���i�B�M�; �?�Q�r �i�?�2�B�` �B�M�T�m�i �7�2���i�m�`�2�b �U�2�X�;�X�- �i�?�2 �b�i���i�2 �Q�7 �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i �Q�` �i�?�2 �+�m�`�`�2�M�i
�T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v �Q�7 ���M �J�G�@�K�Q�/�2�H�V �r�B�H�H �2�p�Q�H�p�2 �r�B�i�?�B�M �i�?�2 �H�Q�Q�F�@���?�2���/ �?�Q�`�B�x�Q�M�X �h�?�B�b �B�b
�M�2�+�2�b�b���`�v �#�2�+���m�b�2 �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�` �b�B�K�m�H���i�2�b �i�?�2 �7�m�i�m�`�2 �b�i���i�2�b �Q�7 �i�?�2 �b�v�b�i�2�K �/�m�`�B�M�; �i�?�2
�p�2�`�B�}�+���i�B�Q�M �T�`�Q�+�2�b�b�X �a�B�M�+�2 �i�?�2 �G���@���A�S�b ���`�2 �T���`�i �Q�7 �i�?�2 �7�Q�`�K���H �K�Q�/�2�H ���M�/ �/�2�T�2�M�/ �Q�M �B�M�T�m�i
�7�2���i�m�`�2�b �i�Q �K���F�2 �� �T�`�2�/�B�+�i�B�Q�M�- �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2�b�2 �7�2���i�m�`�2�b �Q�p�2�` �i�?�2 �T�H���M�M�B�M�; �?�Q�`�B�x�Q�M
�K�m�b�i ���H�b�Q �#�2 �+���T�i�m�`�2�/ �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �p�2�`�B�}�+���i�B�Q�M �T�`�Q�+�2�b�b�X

�L�2�t�i�- �r�2 �/�B�b�+�m�b�b �i�?�2 �i�`���/�2�@�Q�z�b �B�M�p�Q�H�p�2�/ �B�M �b�2�H�2�+�i�B�M�; �7�2���i�m�`�2�b �7�Q�` �i�?�2 �G���@���A�S�b ���M�/ �i�?�2�M
�2�t�T�H���B�M �?�Q�r �r�2 ���/�/�`�2�b�b �i�?�2�b�2 �+�?���H�H�2�M�;�2�b ���M�/ �B�M�b�i���M�i�B���i�2 �G���@���A�S�b�X

�G���@���A�S�b �B�M�T�m�i �7�2���i�m�`�2�b�X�6�Q�` �i�?�2 �B�M�B�i�B���H �p�2�`�b�B�Q�M �Q�7 �i�?�2 �7�`���K�2�r�Q�`�F �r�2 �B�M�p�2�b�i�B�;���i�2�/ �i�?�2
�m�b�2 �Q�7 �� �H���`�;�2 �M�m�K�#�2�` �Q�7 ���H�i�2�`�M���i�B�p�2 �B�M�T�m�i �7�2���i�m�`�2�b �i�Q �2�b�i�B�K���i�2 �i�?�2 �p���`�B���i�B�Q�M �Q�7 �J�G �K�Q�/�2�H�b�ö
�[�m���H�B�i�v �U�+�7�X �a�2�+�i�B�Q�M �8�X�j�V�X �>�Q�r�2�p�2�`�- �r�?�2�M �m�b�B�M�; �K�Q�/�2�H �+�?�2�+�F�B�M�; �i�2�+�?�M�B�[�m�2�b �i�Q �T�H���M �7�Q�`
�i�?�2 �H�Q�M�; �i�2�`�K�- �i�?�2 �H���`�;�2�` �i�?�2 �M�m�K�#�2�` �Q�7 �B�M�T�m�i �7�2���i�m�`�2�b �m�b�2�/ ���b �B�M�T�m�i �i�Q �i�?�2 �G���@���A�S�b�-
�i�?�2 �H���`�;�2�` �i�?�2 �M�m�K�#�2�` �Q�7 �7�2���i�m�`�2�b �r�?�Q�b�2 �2�p�Q�H�m�i�B�Q�M �M�2�2�/�b �i�Q �#�2 �2�b�i�B�K���i�2�/ �i�?�`�Q�m�;�?�Q�m�i �i�?�2
�T�H���M�M�B�M�; �?�Q�`�B�x�Q�M�X �h�?�B�b �+�`�2���i�2�b �� �i�`���/�2�@�Q�z �#�2�i�r�2�2�M �?���p�B�M�; �G���@���A�S�b �i�?���i �`�2�H�v �Q�M �K�Q�`�2
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�6�B�;�m�`�2 �8�X�8 �B�H�H�m�b�i�`���i�2�b �i�?�2 �T�`�Q�+�2�b�b �Q�7 �+�`�2���i�B�M�; �G���@���A�.�b �7�Q�` �i�?�2�S� �̀2�/�B�+�i�B�Q�M�@�#���b�2�/�@�G���@���A�S�b�X
�h�?�2 �i�`�2�2 �b�?�Q�r�b �i�?�2 �2�t�T�H�Q�`���i�B�Q�M �T���i�?�b �b�B�K�m�H���i�2�/ �#�v �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�` �/�m�`�B�M�; �i�?�2 �p�2�`�B�}�+���i�B�Q�M
�T�`�Q�+�2�b�b�- �;�B�p�2�M �i�?�2 �i�r�Q ���/���T�i���i�B�Q�M �i���+�i�B�+�b �U� �̀2�i� �̀��B�M���M�/�M�Q�T�V ���p���B�H���#�H�2 ���i �2���+�? �i�B�K�2�@�b�i�2�T�X �G�2�i
�m�b �7�Q�+�m�b �Q�M �i�?�2 �i�r�Q �T�m�`�T�H�2 �M�Q�/�2�b ���i �G���42�- �`�2���+�?�2�/ �p�B��� �̀2�i� �̀��B�M�i�`���M�b�B�i�B�Q�M�b �R ���M�/ �k�X �L�Q�i�2

�R�L�Q�i�2 �i�?���i �i�?�2 �T�`�2�/�B�+�i�B�p�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �J�G �K�Q�/�2�H �/�2�T�2�M�/�b �Q�M �i�?�2 �b�2�[�m�2�M�+�2 �Q�7 �i���+�i�B�+�b �2�t�2�+�m�i�2�/�-
�r�?�B�H�2 �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i�ö�b �b�i���i�2 �B�b �B�M�/�2�T�2�M�/�2�M�i �7�`�Q�K �i�?�2 ���/���T�i���i�B�Q�M �b�i�`���i�2�;�v�X

�8�e



�i�?���i �i�`���M�b�B�i�B�Q�M �R �7�Q�H�H�Q�r�b �� �T�`�B�Q�`� �̀2�i� �̀��B�M�i���+�i�B�+�- �r�?�B�H�2 �i�`���M�b�B�i�B�Q�M �k �B�b �T�`�2�+�2�/�2�/ �#�v ���M�Q�T
�i���+�i�B�+�X �*�Q�M�b�B�/�2�` �i�`���M�b�B�i�B�Q�M �R�X �h�?�2 ���A�. �m�b�2�/ �i�Q �i�`���B�M �i�?�2�S� �̀2�/�B�+�i�B�Q�M�@�#���b�2�/�@�G���@���A�SLA =2

�m�b�2�bM predret
LA =1 ���b �i�?�2 �J�G �K�Q�/�2�H �b�i���i�2 �B�M�T�m�i �7�2���i�m�`�2�b ���M�/� predret

LA =2 ���b �B�i�b �i���`�;�2�i�X �L�Q�i�2 �?�Q�r
M predret

LA =1 �U�i�?�2 �J�G �K�Q�/�2�H �b�i���i�2 �B�M�T�m�i �7�2���i�m�`�2�b�V �B�b �+�Q�K�T�m�i�2�/ �#���b�2�/ �Q�M� predret
LA =1 �- �r�?�B�+�? �B�b

�T�`�2�/�B�+�i�2�/ �#�v�S� �̀2�/�B�+�i�B�Q�M�@�#���b�2�/�@�G���@���A�SLA =1 �X ���H�b�Q�- �M�Q�i�2 �?�Q�r� predret
LA =2 �B�b �+�Q�K�T�m�i�2�/ ���b �i�?�2

�/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2� �̀2���H�J�G �K�Q�/�2�H �b�i���i�2 ���i �G��= 2 �UM real
LA =2 �V ���M�/ �i�?�2�T� �̀2�/�B�+�i�2�/�J�G

�K�Q�/�2�H �b�i���i�2 ���i �G��= 1 �UM predret
LA =1 �V�X �h�?�B�b �r���v�- �i�?�2 �T�`�2�/�B�+�i�B�Q�M �2�`�`�Q�`�b �i�?���i ���`�2 �2�t�T�2�+�i�2�/ �i�Q �#�2

�b�2�2�M �r�?�2�M �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�` �B�b �T�H���M�M�B�M�; �i�?�2 ���/���T�i���i�B�Q�M �b�i�`���i�2�;�v ���`�2 ���+�+�Q�m�M�i�2�/ �7�Q�` ���i �i�?�2
�i�B�K�2 �i�?�2 �G���@���A�S�b ���`�2 �+�`�2���i�2�/�X

�L�Q�i�2 �i�?���i �i�?�2�b�2 �T�`�2�/�B�+�i�Q�`�b �M�2�2�/ �i�Q �#�2 �#�m�B�H�i �b�2�[�m�2�M�i�B���H�H�v�- �;�B�p�2�M �i�?���i �r�?�2�M �i�`���B�M�B�M�; �i�?�2
�S� �̀2�/�B�+�i�B�Q�M�@�#���b�2�/�@�G���@���A�S�b�7�Q�` �H�Q�Q�F�@���?�2���/L �- �Q�M�2 �M�2�2�/�b �i�?�2 �T�`�2�/�B�+�i�B�Q�M�b �Q�7 �i�?�2�S� �̀2�/�B�+�i�B�Q�M�@
�#���b�2�/�@�G���@���A�S�b�7�Q�` �H�Q�Q�F�@���?�2���/L � 1�X �h�Q �b�i���`�i �+�`�2���i�B�M�; �G���@���A�.�b �7�Q�` �2���+�? �H�Q�Q�F�@���?�2���/�- �r�2
�}�`�b�i �M�2�2�/ �i�Q �Q�#�i���B�M �i�?�2 �T�`�2�/�B�+�i�B�Q�M�b �Q�7 �i�?�2 ���A�S�b�X �_�2�+���H�H �i�?���i �i�?�2 ���A�S�b �T�`�2�/�B�+�i �7�Q�` �H�Q�Q�F�@���?�2���/
�R �#���b�2�/ �Q�M �i�?�2 �+�m�`�`�2�M�i �b�i���i�2 �Q�7 �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i ���M�/ �Q�7 �i�?�2 �b�v�b�i�2�K ���M�/�- �i�?�m�b�- �i�?�2 ���A�. �/�Q�2�b
�M�Q�i �+�Q�M�i���B�M ���M�v �T�`�2�/�B�+�i�2�/�f�M�Q�B�b�v �p���H�m�2 �U�M�2�B�i�?�2�` �7�Q�` �i�?�2 �B�M�T�m�i �7�2���i�m�`�2�b �M�Q�` �7�Q�` �i�?�2 �i���`�;�2�i�V�X

�_�Q�Q�i�@�G���@���A�S�b�X���H�i�?�Q�m�;�? �i�?�2�S� �̀2�/�B�+�i�B�Q�M�@�#���b�2�/�@�G���@���A�S�b���/�/�`�2�b�b �i�?�2 �K�B�b�K���i�+�? �B�b�b�m�2
�T�`�2�p�B�Q�m�b�H�v �/�2�b�+�`�B�#�2�/�- �i�?�2 �m�b�2 �Q�7 �T�`�2�/�B�+�i�B�Q�M�b �Q�7 �H�Q�Q�F�@���?�2���/L �i�Q �+�Q�K�T�m�i�2 �#�Q�i�? �B�M�T�m�i �7�2���@
�i�m�`�2�b ���M�/ �i���`�;�2�i �p���H�m�2�b �7�Q�` �H�Q�Q�F�@���?�2���/L + 1 �H�2���/�b �i�Q ���M �2�`�`�Q�` ���+�+�m�K�m�H���i�B�Q�M �T�`�Q�#�H�2�K�X
�_�Q�Q�i�@�G���@���A�S�b���/�/�`�2�b�b �i�?�B�b �T�`�Q�#�H�2�K �#�v �i�`���/�B�M�;�@�Q�z �7�2���i�m�`�2 �2�b�i�B�K���i�B�Q�M �2�`�`�Q�` �7�Q�` �7�2���i�m�`�2 �b�i���H�@
�2�M�2�b�b�X �a�T�2�+�B�}�+���H�H�v�-�_�Q�Q�i�@�G���@���A�S�b�2�t�T�H�Q�B�i �i�?�2 �Q�#�b�2�`�p���i�B�Q�M �i�?���i �Q�M�H�v ���i �i�?�2 �b�i���`�i �Q�7 �i�?�2
�b�B�K�m�H���i�B�Q�M �T�`�Q�+�2�b�b �/�Q �r�2 ���+�i�m���H�H�v �F�M�Q�r �i�?�2 �+�m�`�`�2�M�i �b�i���i�2 �Q�7 �i�?�2 �J�G �K�Q�/�2�H �r�B�i�?�Q�m�i �2�`�`�Q�`�X
�"���b�2�/ �Q�M �i�?�B�b �B�M�b�B�;�?�i�-�_�Q�Q�i�@�G���@���A�S�b�U���H�b�Q �H�Q�Q�F�@���?�2���/ �b�T�2�+�B�}�+�V ���`�2 �i�`���B�M�2�/ �i�Q �2�b�i�B�K���i�2 �i�?�2
�J�G �[�m���H�B�i�v �p���`�B���i�B�Q�M �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �F�M�Q�r�M ���M�/ �2�`�`�Q�`�@�7�`�2�2 �U���H�#�2�B�i �b�i���H�2�V �J�G �b�i���i�2 ���i
�i�?�2 �b�i���`�i �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M�X �h�?�B�b �r���v�- �i�?�2�v ���p�Q�B�/ �`�2�H�v�B�M�; �Q�M �2�`�`�Q�`�@�T�`�Q�M�2 �2�b�i�B�K���i�B�Q�M�b �Q�7 �i�?�2
�J�G �K�Q�/�2�H �b�i���i�2 �i�Q �;�2�M�2�`���i�2 �T�`�2�/�B�+�i�B�Q�M�b �7�Q�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �i�B�K�2 �b�i�2�T�X

���H�b�Q �B�M �i�?�B�b �+���b�2�- �i�Q �+�`�2���i�2�_�Q�Q�i�@�G���@���A�S�b�7�Q�` �2���+�? �H�Q�Q�F�@���?�2���/ �m�T �i�QL �r�2 �M�2�2�/L
�G���@���A�.�b�, �Q�M�2 �G���@���A�. �7�Q�` �2���+�? �H�Q�Q�F�@���?�2���/�X �1���+�? �G���@���A�. �B�b �+�`�2���i�2�/ �7�`�Q�K �i�?�2 �#���b�2 ���A�.
�#�v �;�Q�B�M�; �i�?�`�Q�m�;�? ���H�H �B�i�b �b���K�T�H�2�b�- �+�Q�M�b�B�/�2�`�B�M�; �i�?���i �2���+�? �Q�M�2 �B�b �� �T�Q�b�b�B�#�H�2 �`�Q�Q�i �7�Q�` �� �i�`�2�2 �b�m�+�?
���b �i�?�2 �Q�M�2 �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2 �8�X�8�X �h�?�2�M�- �7�Q�` �2���+�? �`�Q�Q�i�- �i�?�2 �i�`�2�2 �B�b �+�Q�M�b�i�`�m�+�i�2�/ �m�T �i�Q �i�?�2
�H�Q�Q�F�@���?�2���/ �Q�7 �i�?�2 �G���@���A�. �m�M�/�2�` �+�Q�M�b�i�`�m�+�i�B�Q�M�X �P�M�+�2 �i�?�2 �/�2�b�B�`�2�/ �H�Q�Q�F�@���?�2���/ �B�b �`�2���+�?�2�/�- ���H�H
�i�?�2 �M�Q�/�2�b �U�B�X�2�X�- �T�Q�b�b�B�#�H�2 �7�m�i�m�`�2 �J�G �K�Q�/�2�H �b�i���i�2�b�V ���i �i�?���i �/�2�T�i�? ���`�2 ���/�/�2�/ ���b �b���K�T�H�2�b �i�Q
�i�?�2 �G���@���A�.�X �6�Q�` �2���+�? �M�Q�/�2n�- �i�?�2 �B�M�T�m�i �7�2���i�m�`�2�b �i�?���i �+�?���`���+�i�2�`�B�x�2 �i�?�2 �b�i���i�2 �Q�7 �i�?�2 �J�G
�K�Q�/�2�H ���`�2 �i�?�2 �Q�M�2�b ���i �i�?�2 �`�Q�Q�i �Q�7 �i�?�2 �i�`�2�2�- ���M�/ �i�?�2 �i���`�;�2�i �i�?���i �i�?�2�_�Q�Q�i�@�G���@���A�S�r�B�H�H �#�2
�i�`���B�M�2�/ �i�Q �T�`�2�/�B�+�i �B�b �+�Q�K�T�m�i�2�/ ���b �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �`�2���H �p���H�m�2�b �Q�7 �i�?�2 �J�G �K�Q�/�2�H
�b�i���i�2 ���i �M�Q�/�2n ���M�/ �i�?�2 �p���H�m�2�b �Q�7 �J�G �K�Q�/�2�H �b�i���i�2 �7�2���i�m�`�2�b ���i �i�?�2 �`�Q�Q�i�X

�_�2�;���`�/�H�2�b�b �Q�7 �i�?�2 �G���@���A�S �i�v�T�2 �i�?���i �B�b �B�M�b�i���M�i�B���i�2�/�- �r�2 �M�2�2�/ �i�Q �T�`�2�/�B�+�i �i�?�2 �#�2�M�2�}�i�b
�#�Q�i�? �r�?�2�M �i�?�2 �J�G �K�Q�/�2�H �B�b �`�2�i�`���B�M�2�/ ���M�/ �r�?�2�M �B�i �B�b �M�Q�i�X �h�?�m�b�- �r�2 �i�`���B�M �i�r�Q �G���@���A�S�b
�7�Q�` �2���+�? �H�Q�Q�F�@���?�2���/�, ��� �̀2�i� �̀��B�M�G���@���A�S ���M�/ ���M�Q�T�G���@���A�S�X �h�Q �i�`���B�M �i�?�2�b�2 �G���@���A�S�b�- �i�?�2
�G���@���A�. �7�Q�` �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �H�Q�Q�F�@���?�2���/ �B�b �b�m�#�@�/�B�p�B�/�2�/ �B�M�i�Q� �̀2�i� �̀��B�M���M�/�M�Q�T�i�`���M�b�B�i�B�Q�M�b�-
�r�?�B�+�? ���`�2 �m�b�2�/ �i�Q �i�`���B�M �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �G���@���A�S�b�X �6�Q�` �B�M�b�i���M�+�2�- �B�M �6�B�;�m�`�2 �8�X�8�- �T�m�`�T�H�2

�8�d



�6�B�;�m�`�2 �8�X�e�, �J�Q�/�m�H�2�b �Q�7 �i�?�2 �7�Q�`�K���H �K�Q�/�2�H �U�B�M �#�H�m�2�V �`�2�[�m�B�`�2�/ �#�v�_�B�T�T�H�2�X

�M�Q�/�2�b ���`�2 �m�b�2�/ ���b �B�M�T�m�i �i�Q� �̀2�i� �̀��B�M�G���@���A�S�b�- �#�2�+���m�b�2 �i�?�2�v �+�Q�K�2 �7�`�Q�K� �̀2�i� �̀��B�M�i�`���M�b�B�i�B�Q�M�b�-
�r�?�B�H�2 �#�`�Q�r�M �M�Q�/�2�b ���`�2 �m�b�2�/ �7�Q�`�M�Q�T�G���@���A�S�b�X

�6�Q�`�K���H �J�Q�/�2�H �Q�7 �i�?�2 �J�G�@�1�M���#�H�2�/ �a�v�b�i�2�K

�h�?�2 �7�Q�`�K���H �K�Q�/�2�H �Q�7 �i�?�2 �J�G�@�2�M���#�H�2�/ �b�v�b�i�2�K �U�6�B�;�m�`�2 �8�X�e�V �B�b �+�Q�K�T�Q�b�2�/ �Q�7 �K�Q�/�m�H�2�b �7�Q�` �i�?�2
�2�M�p�B�`�Q�M�K�2�M�i�- �i�?�2 ���/���T�i���i�B�Q�M �i���+�i�B�+�b�- ���M�/ �i�?�2 �J�G�@�2�M���#�H�2�/ �b�v�b�i�2�K�- �r�?�B�+�? �2�M�+���T�b�m�H���i�2�b �i�?�2
�J�G �K�Q�/�2�H ���#�b�i�`���+�i�B�Q�M�X ���/�/�B�i�B�Q�M���H�H�v�- ���M�/ �/�B�z�2�`�2�M�i�H�v �7�`�Q�K �i�?�2 �b�?�Q�`�i�@�i�2�`�K �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7
�i�?�2 �7�`���K�2�r�Q�`�F�-�_�B�T�T�H�2�ö�b �7�Q�`�K���H �K�Q�/�2�H�b �B�M�+�Q�`�T�Q�`���i�2 �i�?�2�G���@���A�S�b�X �h�?�B�b �B�b �� �F�2�v �#�m�B�H�/�B�M�;
�#�H�Q�+�F �i�Q �T�H���M �7�Q�` �i�?�2 �H�Q�M�; �i�2�`�K �r�?�2�M �i�Q �`�2�i�`���B�M�X �6�B�M���H�H�v�- �i�?�2 �b�v�b�i�2�K �m�i�B�H�B�i�v �+�Q�K�T�Q�M�2�M�i
�2�M�+�Q�/�2�b �i�?�2 �b�v�b�i�2�K�@�b�T�2�+�B�}�+ �7�m�M�+�i�B�Q�M �i�Q �Q�T�i�B�K�B�x�2�X

�h�?�2�G���@���A�S�+�Q�K�T�Q�M�2�M�i �2�M�+���T�b�m�H���i�2�b �i�?�2 �H�Q�;�B�+ �i�?���i �B�b �m�b�2�/ �#�v �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�` �i�Q
�Q�#�i���B�M�- �/�m�`�B�M�; �i�?�2 �p�2�`�B�}�+���i�B�Q�M �T�?���b�2�- �2�b�i�B�K���i�2�b �Q�7 �i�?�2 �B�K�T���+�i �Q�7 �i�?�2� �̀2�i� �̀��B�M���M�/�M�Q�T���/���T�@
�i���i�B�Q�M �i���+�i�B�+�b �Q�M �i�?�2 �T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v �Q�7 �i�?�2�J�G�@�K�Q�/�2�H�X�_�B�T�T�H�2�M�2�2�/�b ���b �K���M�v �G���@���A�S�b
���b �i�?�2 �T�`�Q�/�m�+�i �Q�7 ���p���B�H���#�H�2 �i���+�i�B�+�b�- �K�2�i�`�B�+�b �Q�7 �B�M�i�2�`�2�b�i ���M�/ �H�Q�Q�F�@���?�2���/�b�X �6�Q�` �B�M�b�i���M�+�2�- �7�Q�` �i�?�2
�7�`���m�/ �/�2�i�2�+�i�B�Q�M �m�b�2�@�+���b�2 �r�B�i�? �a�G���b �Q�M �i�`�m�2 �T�Q�b�B�i�B�p�2 �`���i�2 �U�h�S�_�V ���M�/ �6�S�_�-�_�B�T�T�H�2�r�Q�m�H�/
�`�2�[�m�B�`�2 �9 �G���@���A�S�b �7�Q�` �2���+�? �H�Q�Q�F�@���?�2���/�, �h�S�_�@�`�2�i�`���B�M�- �h�S�_�@�M�Q�T�- �i�`�m�2 �M�2�;���i�B�p�2 �`���i�2 �U�h�L�_�V�@
�`�2�i�`���B�M�- ���M�/ �h�L�_�@�M�Q�T �U�`�2�+���H�H �i�?���i�- �7�Q�` �� �M�Q�`�K���H�B�x�2�/ �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t�- �6�S�_= 1� �h�L�_�V�X
�G�B�b�i�B�M�; �8�X�R �U�H�B�M�2�b �k�@�j�V �b�?�Q�r�b �?�Q�r �i�?�2 �h�S�_�_�Q�Q�i�@�G���@���A�S�b�7�Q�` �H�Q�Q�F�@���?�2���/ �k �7�Q�` �i�?�2 �7�`���m�/
�/�2�i�2�+�i�B�Q�M �m�b�2�@�+���b�2 ���`�2 �B�K�T�H�2�K�2�M�i�2�/ �B�M �i�?�2 �S�_�A�a�J �K�Q�/�2�H �+�?�2�+�F�2�` �p�B�� �H�B�M�2���`�@�K�Q�/�2�H�b�X �a�T�2�+�B�}�@
�+���H�H�v�- �i�?�2�b�2 �G���@���A�S�b �`�2�H�v �Q�M �i�?�`�2�2 �F�2�v �7�2���i�m�`�2�b�- �r�?�Q�b�2 �b�2�H�2�+�i�B�Q�M �B�b �2�t�T�H���B�M�2�/ �B�M �a�2�+�i�B�Q�M �e�X�k�X�9�,
�7�`���m�/ �`���i�2�- �i�?�2 �h�S�_ �Q�7 �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M �K�Q�/�2�H ���i �i�?�2 �i�B�K�2 �r�?�2�M �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�` �r���b
�[�m�2�`�B�2�/�- ���M�/ �i�?�2 �h�L�_ ���H�b�Q ���i �i�?�2 �b�i���`�i �Q�7 �i�?�2 �T�H���M�M�B�M�; �T�`�Q�+�2�b�b�X �_�2�+���H�H �7�`�Q�K �i�?�2 �T�`�2�@
�p�B�Q�m�b �b�2�+�i�B�Q�M �i�?���i �i�?�2�_�Q�Q�i�@�G���@���A�S�b�m�b�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �J�G �K�Q�/�2�H ���i �i�?�2� �̀Q�Q�i
�U�B�X�2�X�- �G��= 0�V �Q�7 �i�?�2 �i�`�2�2 �Q�7 �T�Q�b�b�B�#�H�2 �2�t�T�H�Q�`���i�B�Q�M �T���i�?�b �U�6�B�;�m�`�2 �8�X�8�- �H�2�7�i�V �i�Q �2�b�i�B�K���i�2 �i�?�2
�#�2�M�2�}�i�b �Q�7 �`�2�i�`���B�M ���i �i�?�2 �i���`�;�2�i �/�2�T�i�?L�X �1�b�i�B�K���i�B�M�; �i�?�2 �#�2�M�2�}�i�b �7�Q�` �Q�i�?�2�` �H�Q�Q�F�@���?�2���/�b �`�2�@
�[�m�B�`�2�b �B�M�b�i���M�i�B���i�B�M�; �K�Q�`�2 �Q�7 �i�?�2�b�2 �T�`�2�/�B�+�i�Q�`�b �B�M �i�?�2 �7�Q�`�K���H �K�Q�/�2�H�- �`�2�T�H���+�B�M�; �i�?�2 �+�Q�2�{�+�B�2�M�i�b
���b�b�Q�+�B���i�2�/ �r�B�i�? �2���+�? �7�2���i�m�`�2 ���M�/ �i�?�2 �M�Q�B�b�2 �i�2�`�K�X

�h�?�2 �b�v�b�i�2�K �m�i�B�H�B�i�v �/�2�}�M�B�i�B�Q�M�- �r�?�B�+�? �2�M�+�Q�/�2�b �i�?�2 �;�Q���H �Q�7 �i�?�2 �b�2�H�7�@���/���T�i�B�p�2 �b�v�b�i�2�K�- �B�b
�/�2�}�M�2�/ �p�B�� �S�_�A�a�J�ö�b �M�Q�i�B�Q�M �Q�7� �̀2�r��� �̀/�b�X �"�v �/�2�}�M�B�M�; �i�?�2 �T�`�Q�T�2�`�i�v �i�?���i �i�?�2 �K�Q�/�2�H �+�?�2�+�F�2�`
�p�2�`�B�}�2�b ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2� �̀2�r��� �̀/�b�- �r�2 �+���M �2�M���#�H�2 �`�2���b�Q�M�B�M�; �Q�p�2�` �[�m���M�i�B�i���i�B�p�2 �K�2���b�m�`�2�b
�Q�7 �B�M�i�2�`�2�b�i�X �6�Q�` �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M �m�b�2�@�+���b�2�- �r�?�2�`�2 �i�?�2 �;�Q���H �B�b �i�Q �K�B�M�B�K�B�x�2 �i�?�2 �Q�p�2�`���H�H �+�Q�b�i
�B�M�+�m�`�`�2�/ �#�v �i�?�2 �b�v�b�i�2�K�- �i�?�2� �̀2�r��� �̀/�b�F�2�2�T �i�`���+�F �Q�7 �i�?�2 �/�B�z�2�`�2�M�i �+�Q�b�i�b �i�?���i �i�?�2 �b�v�b�i�2�K �B�M�+�m�`�b�,
�i�?�2 �+�Q�b�i �Q�7 �2�t�2�+�m�i�B�M�; �i�?�2� �̀2�i� �̀��B�M�i���+�i�B�+�- ���M�/ �i�?�2 �+�Q�b�i�b �Q�7 �p�B�Q�H���i�B�M�; �2�B�i�?�2�` �U�Q�` �#�Q�i�?�V �a�G���b
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�G�B�b�i�B�M�; �8�X�R�, �A�M�i�2�;�`���i�B�Q�M �Q�7 �i�?�2�_�Q�Q�i�@�G���@���A�S�b�B�M �S�_�A�a�J�ö�b �7�Q�`�K���H �K�Q�/�2�H �� �b�v�b�i�2�K �m�i�B�H�B�i�v
�/�2�}�M�B�i�B�Q�M �p�B�� �`�2�r���`�/�b �7�m�M�+�i�B�Q�M�k�X
�R �f�f �h�S�_ �_�Q�Q�i�@�G���@���A�S�b �7�Q�` �H�Q�Q�F�@���?�2���/ �k ���M�/ �7�Q�` �i���+�i�B�+�b �_�2�i�`���B�M �U�`�2�i�V ���M�/ �L�Q�T
�k �7�Q�`�K�m�H���G���n���A�S�n�h�S�_�n�`�2�i�n�G���k �4�`�Q�m�M�/�U
�j �y�X�e�9�y�R� �`�2�i�n�6�`���m�/�n�_���i�2 �Y �@�y�X�N�k�3�R� �A�L�A�h�n�h�S�_ �Y �R�X�d�8�k�8� �A�L�A�h�n�h�L�_ �Y �@�R�X�R�k�d�k� �R�y�y
�9 �V�c
�8 �7�Q�`�K�m�H���G���n���A�S�n�h�S�_�n�M�Q�T�n�G���k �4�`�Q�m�M�/�U
�e �y�X�8�y�j�e� �M�Q�T�n�6�`���m�/�n�_���i�2 �Y �@�y�X�3�R�e�d� �A�L�A�h�n�h�S�_ �Y �R�X�y�j�9�3� �A�L�A�h�n�h�L�_ �Y �@�y�X�8�9�N�3� �R�y�y
�d �V�c
�3

�N �f�f �a�v�b�i�2�K �m�i�B�H�B�i�v �/�2�7�B�M�B�i�B�Q�M
�R�y �7�Q�`�K�m�H���7�T�`�n�a�G���n�T�2�M���H�i�v �4 �U�7�T�` �= �6�S�_�n�a�G���n�h�>�_�1�a�>�P�G�. �V �\ �a�G���n�S�1�L���G�h�u �, �y�c
�R�R �7�Q�`�K�m�H���i�T�`�n�a�G���n�T�2�M���H�i�v �4 �U�i�T�` �I �h�S�_�n�a�G���n�h�>�_�1�a�>�P�G�. �V �\ �a�G���n�S�1�L���G�h�u �, �y�c
�R�k �`�2�r���`�/�b�] �b�v�b�i�2�K�l�i�B�H�B�i�v �]
�R�j �( �`�2�i�`���B�M�n�+�Q�K�T�H�2�i�2 �)�i�`�m�2�� �U�i�B�K�2 �= �y�V �, �U�_�1�h�_���A�L�n�*�P�a�h�V�c
�R�9 �( �i�B�+�F�) �i�`�m�2�� �U�i�B�K�2 �= �y�V �, �U�7�T�`�n�a�G���n�T�2�M���H�i�v �Y �i�T�`�n�a�G���n�T�2�M���H�i�v �V�c
�R�8 �2�M�/�`�2�r���`�/�b

�U�h�S�_ ���M�/ �6�S�_�V�X �h�?�2�b�2 ���`�2 �b�?�Q�r�M �B�M �H�B�M�2�b �3�@�R�R �Q�7 �G�B�b�i�B�M�; �8�X�R�, �r�?�2�M�2�p�2�` �� �`�2�i�`���B�M �+�Q�K�T�H�2�i�2�b�-
�i�?�2 �b�v�b�i�2�K ���+�+�`�m�2�b �i�?�2 �`�2�i�`���B�M �+�Q�b�i�c �r�?�2�M�2�p�2�` �i�B�K�2 ���/�p���M�+�2�b �U�i�?�2�`�2 �B�b �� �M�2�r �i�B�K�2 �i�B�+�F�V�-
�i�?�2 �b�v�b�i�2�K ���+�+�`�m�2�b �i�?�2 �6�S�_ ���M�/ �h�S�_ �a�G�� �p�B�Q�H���i�B�Q�M �T�2�M���H�i�B�2�b �U�H�B�M�2�b �e�@�d�V�X �"���b�2�/ �Q�M �i�?�B�b
� �̀2�r��� �̀/�b�b�i�`�m�+�i�m�`�2�- �r�2 �/�2�}�M�2 �i�?�2 �[�m���M�i�B�i���i�B�p�2 �T�`�Q�T�2�`�i�vR�b�v�b�i�2�K�l�i�B�H�B�i�v

�K�B�M=? [F �2�M�/] �U�+�7�X �6�B�;�m�`�2 �8�X�e�V
�i�?���i �B�b �+�?�2�+�F�2�/ �/�m�`�B�M�; �i�?�2 �7�Q�`�K���H �p�2�`�B�}�+���i�B�Q�M �T�`�Q�+�2�b�b�X �h�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �b�v�b�i�2�K �m�i�B�H�B�i�v �B�b
���T�T�H�B�+���i�B�Q�M �/�2�T�2�M�/�2�M�i ���M�/ �r�?�2�M �B�i �B�b �K�Q�/�B�}�2�/�- �i�?�2� �̀2�r��� �̀/�b���M�/ �i�?�2 �[�m���M�i�B�i���i�B�p�2 �T�`�Q�T�2�`�i�v
�b�?�Q�m�H�/ �#�2 �m�T�/���i�2�/ ���+�+�Q�`�/�B�M�;�H�v�X

�8�X�e �a�m�K�K���`�v

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

�h�Q �+�`�2���i�2 �i�?�2 �7�`���K�2�r�Q�`�F�- �r�2 ���/�/�`�2�b�b�2�/ �i�r�Q �K���B�M �+�?���H�H�2�M�;�2�b�, �U�B�V �2�b�i�B�K���i�B�M�; �i�?�2 �#�2�M�2�}�i�b
�Q�7 �i�?�2 ���/���T�i���i�B�Q�M �i���+�i�B�+�b ���p���B�H���#�H�2 �i�Q ���/���T�i �i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i�- ���M�/ �U�B�B�V �`�2���b�Q�M�B�M�; ���#�Q�m�i
�?�Q�r �i�?�2 �2�t�2�+�m�i�B�Q�M �Q�7 �� �b�T�2�+�B�}�+ ���/���T�i���i�B�Q�M �i���+�i�B�+ �r���b �2�t�T�2�+�i�2�/ �i�Q ���z�2�+�i �Q�p�2�`���H�H �b�v�b�i�2�K
�m�i�B�H�B�i�v�X �q�2 �b�Q�H�p�2�/ �i�?�2 �}�`�b�i �+�?���H�H�2�M�;�2 �#�v �+�`�2���i�B�M�; ���/���T�i���i�B�Q�M �B�K�T���+�i �T�`�2�/�B�+�i�Q�`�b �U���A�S�b�V�-
�r�?�B�+�? ���`�2 �K�Q�/�2�H�b �i�`���B�M�2�/ �i�Q �T�`�2�/�B�+�i �i�?�2 �2�t�T�2�+�i�2�/ �#�2�M�2�}�i�b �Q�7 �2�t�2�+�m�i�B�M�; ���M ���/���T�i���i�B�Q�M
�i���+�i�B�+�X �h�?�2 �b�2�+�Q�M�/ �+�?���H�H�2�M�;�2 �r���b ���/�/�`�2�b�b�2�/ �#�v �H�2�p�2�`���;�B�M�; �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�2�`�b
���M�/ �+�`�2���i�B�M�; �� �7�Q�`�K���H �K�Q�/�2�H �Q�7 �i�?�2 �b�v�b�i�2�K �m�M�/�2�` ���/���T�i���i�B�Q�M�X �h�?�B�b ���H�H�Q�r�2�/ �i�Q �K�Q�/�2�H �i�?�2
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���7�i�2�` �i�?�2 �i�`���M�b���+�i�B�Q�M �?���b �#�2�2�M �T�`�Q�+�2�b�b�2�/ �U�a�2�+�i�B�Q�M �e�X�k�X�k�V�X

�S�2�`�B�Q�/�B�+���H�H�v�- �i�?�2 �b�2�H�7�@���/���T�i���i�B�Q�M �K���M���;�2�` �+���M �/�2�+�B�/�2 �i�Q �2�B�i�?�2�` �/�Q �M�Q�i�?�B�M�; �U�i���+�i�B�+�M�Q�T�V�-
�B�X�2�X�- �M�Q�i �i�Q ���/���T�i �i�?�2 �K�Q�/�2�H�- �Q�` �i�Q� �̀2�i� �̀��B�M�i�?�2 �K�Q�/�2�H�- �H�2�p�2�`���;�B�M�; �i�?�2 �M�2�r�H�v �+�Q�H�H�2�+�i�2�/ �/���i��

�e�j



���M�/ �H���#�2�H�b�X �q�2 �+�Q�M�b�B�/�2�` �}�t�2�/� �̀2�i� �̀��B�M�+�Q�b�i�b �b�B�M�+�2 �i�?�2 �T�`�Q�#�H�2�K �Q�7 �2�b�i�B�K���i�B�M�; �i�?�2�b�2 �+�Q�b�i�b �?���b
���H�`�2���/�v �#�2�2�M ���/�/�`�2�b�b�2�/ �B�M �i�?�2 �H�B�i�2�`���i�m�`�2 �(�j�R�- �R�N�9�)�X

�h�?�2 �7�`���K�2�r�Q�`�F �b�Q�H�p�2�b �i�?�2 �T�`�Q�#�H�2�K �Q�7 �/�2�+�B�/�B�M�;�r�?�2�M �i�Q � �̀2�i� �̀��B�M�b�m�+�? �i�?���i �i�?�2 �;�H�Q�#���H �+�Q�b�i
�;�B�p�2�M �#�v �i�?�2 �b�m�K �Q�7 �a�G�� �p�B�Q�H���i�B�Q�M �T�2�M���H�i�B�2�b ���M�/ ���/���T�i���i�B�Q�M �+�Q�b�i�b �B�b �K�B�M�B�K�B�x�2�/�X �a�v�b�i�2�K
�m�i�B�H�B�i�v �U�b�v�b�l�V �B�b �i�?�m�b �/�2�}�M�2�/ ���b�,

�b�v�b�l= �i�Q�i���H �+�Q�b�i=

= �+�Q�b�i(�h�S�_ �a�G�� �p�B�Q�H���i�B�Q�M) + �+�Q�b�i(�6�S�_ �a�G�� �p�B�Q�H���i�B�Q�M) + �+�Q�b�i(�i���+�i�B�+);
�U�e�X�R�V

�r�?�2�`�2 �i�Q�i���H�n�+�Q�b�i �B�b �i�?�2 �;�H�Q�#���H �+�Q�b�i �i�?�2 �b�v�b�i�2�K �B�b �2�t�T�2�+�i�2�/ �i�Q �B�M�+�m�` �B�ML �i�B�K�2 �m�M�B�i�b�c
�+�Q�b�i�U�h�S�_ �a�G�� �p�B�Q�H���i�B�Q�M�V ���M�/�+�Q�b�i�U�6�S�_ �a�G�� �p�B�Q�H���i�B�Q�M�V ���`�2 �i�?�2 �+�Q�b�i�b �Q�7 �p�B�Q�H���i�B�M�; �i�?�2
�h�S�_ ���M�/ �6�S�_ �a�G���b�- �`�2�b�T�2�+�i�B�p�2�H�v�- �2�b�i���#�H�B�b�?�2�/ �7�Q�` �i�?�2 �b�v�b�i�2�K�X �h�?�2 �b�v�b�i�2�K �B�b �+�?���`�;�2�/ �2�B�@
�i�?�2�` �Q�7 �i�?�2�b�2 �+�Q�b�i�b �r�?�2�M �i�?�2 �K�Q�M�B�i�Q�`�2�/ �h�S�_ �B�b �#�2�H�Q�r �i�?�2 �T�`�2�@�/�2�}�M�2�/ �h�S�_ �i�?�`�2�b�?�Q�H�/ ���M�/�f�Q�`
�r�?�2�M �i�?�2 �6�S�_ �B�b ���#�Q�p�2 �i�?�2 �6�S�_ �i�?�`�2�b�?�Q�H�/�X �6�B�M���H�H�v�-�+�Q�b�i�U���/���T�i���i�B�Q�M �i���+�i�B�+�V �2�M�+�Q�/�2�b �i�?�2
�+�Q�b�i �Q�7 ���/���T�i�B�M�; �i�?�2 �J�G �K�Q�/�2�H�X �h�?�B�b �+�Q�b�i �B�b �b�2�i �i�Q �x�2�`�Q �7�Q�` �i�?�2�M�Q�T���/���T�i���i�B�Q�M �i���+�i�B�+�X
�6�B�M���H�H�v�- ���H�i�?�Q�m�;�? �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �b�v�b�i�2�K �m�i�B�H�B�i�v �B�b ���T�T�H�B�+���i�B�Q�M�@�/�2�T�2�M�/�2�M�i�- �B�i �B�b �2�t�T�2�+�i�2�/
�i�?���i �i�?�2 �+�Q�b�i �U�2�X�;�X�- �K�Q�M�2�i���`�v�- �2�M�p�B�`�Q�M�K�2�M�i���H�V ���M�/�f�Q�` �H���i�2�M�+�v �Q�7 ���/���T�i���i�B�Q�M �r�B�H�H �M�2�2�/ �i�Q �#�2
���+�+�Q�m�M�i�2�/ �7�Q�`�- �?�2�M�+�2 �K���F�B�M�; �i�?�B�b �i�2�`�K �Q�7 �i�?�2 �2�[�m���i�B�Q�M �;�2�M�2�`���H �i�Q �Q�i�?�2�` ���T�T�H�B�+���i�B�Q�M�b�X

���i �� �}�`�b�i �b�i���;�2 �r�2 �b�2�i �i�?�2 �T�H���M�M�B�M�; �?�Q�`�B�x�Q�ML �i�Q �Q�M�2 �i�B�K�2 �m�M�B�i�- �i�?�m�b �2�K�T�H�Q�v�B�M�; �i�?�2
�K�v�Q�T�B�+ �p�2�`�b�B�Q�M �Q�7 �i�?�2 �7�`���K�2�r�Q�`�F�X �A�M �i�?�B�b �+���b�2�- �r�2 �+���T�i�m�`�2� �̀2�i� �̀��B�M�H���i�2�M�+�v �#�v �?���p�B�M�; �B�i �r�2�B�;�?
�B�M �Q�M �b�v�b�i�2�K �m�i�B�H�B�i�v�,� �̀2�i� �̀��B�M�H���i�2�M�+�v �B�b �}�`�b�i �i�`���M�b�H���i�2�/ �B�M�i�Q �� �T�2�`�+�2�M�i���;�2 �Q�7 �i�?�2 �i�B�K�2 �T�2�`�B�Q�/�c
�7�Q�` �i�?�B�b �T�2�`�+�2�M�i���;�2 �Q�7 �i�B�K�2�- �b�v�b�i�2�K �m�i�B�H�B�i�v �B�b �+�Q�K�T�m�i�2�/ �#���b�2�/ �Q�M �i�?�2 �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t �Q�7
�i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i �i�?���i �`�2�T�`�2�b�2�M�i�2�/ �i�?�2 �b�i���i�2 �T�`�B�Q�` �i�Q �i�?�2� �̀2�i� �̀��B�M�c �7�Q�` �i�?�2 �`�2�K���B�M�/�2�` �Q�7 �i�?�2
�i�B�K�2 �B�M�i�2�`�p���H�- �b�v�b�i�2�K �m�i�B�H�B�i�v �B�b �+�Q�K�T�m�i�2�/ �#���b�2�/ �Q�M �i�?�2 �+�Q�M�7�m�b�B�Q�M �K���i�`�B�t �Q�7 �i�?�2 �`�2�i�`���B�M�2�/
�K�Q�/�2�H�X �a�B�M�+�2 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �2�M�p�B�`�Q�M�K�2�M�i �;�2�M�2�`���i�2�/ �2�p�2�M�i�b �K���v �M�Q�i �#�2 �m�M�B�7�Q�`�K�- �b�v�b�i�2�K
�m�i�B�H�B�i�v �B�b �7�m�`�i�?�2�` �r�2�B�;�?�i�2�/ �#�v �i�?�2 �T�2�`�+�2�M�i���;�2 �Q�7 �2�p�2�M�i�b �B�M �2���+�? �T�2�`�B�Q�/ �U�/�m�`�B�M�; ���/���T�i���i�B�Q�M
���M�/ ���7�i�2�`�V�X �G���i�2�`�- �r�2 �b�?�Q�r �?�Q�r �i�?�2 �7�`���K�2�r�Q�`�F �+���M �T�H���M �7�Q�` �i�?�2 �H�Q�M�; �i�2�`�K �U�B�X�2�X�-L > 1�V
�r�?�2�M�i�Q ���/���T�i �i�?�2 �J�G �K�Q�/�2�H �U�a�2�+�i�B�Q�M �e�X�k�X�9�V�X

�e�X�k�X�R �J�v�Q�T�B�+ �a�2�H�7�@���/���T�i�B�p�2 �6�`���m�/ �.�2�i�2�+�i�B�Q�M �a�v�b�i�2�K

�q�2 �b�i���`�i �#�v �/�2�b�+�`�B�#�B�M�; �i�?�2 �7�Q�`�K���H �K�Q�/�2�H �Q�7 �i�?�2 �b�v�b�i�2�K�- �B�H�H�m�b�i�`���i�B�M�; �F�2�v �+�Q�K�T�Q�M�2�M�i�b �`�2�b�Q�`�i�@
�B�M�; �i�Q �S�_�A�a�J �b�v�M�i���t�X �h�?�2�b�2 �S�_�A�a�J �#�H�Q�+�F�b �+���M �#�2 �`�2�@�m�b�2�/ �r�?�2�M ���T�T�H�v�B�M�; �i�?�2 �7�`���K�2�r�Q�`�F
�i�Q ���/�/�B�i�B�Q�M���H �m�b�2 �+���b�2�b�- �`�2�[�m�B�`�B�M�; �Q�M�H�v �b�H�B�;�?�i �K�Q�/�B�}�+���i�B�Q�M�b �i�?���i ���`�2 �m�b�2 �+���b�2 �/�2�T�2�M�/�2�M�i
�U�2�X�;�X�- �K�2�i�`�B�+�b �Q�7 �B�M�i�2�`�2�b�i�- �`�2�T�2�`�i�Q�B�`�2 �Q�7 �i���+�i�B�+�b�- �b�v�b�i�2�K �m�i�B�H�B�i�v �/�2�}�M�B�i�B�Q�M�V�X �h�?�2�M�- �r�2 �2�t�T�H���B�M
�?�Q�r �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �B�b �2�K�T�H�Q�v�2�/ �i�Q �2�t�i�`���+�i �i�?�2 �2�t�T�2�+�i�2�/ �Q�T�i�B�K���H ���/���T�i���i�B�Q�M
�i���+�i�B�+ ���M�/ �?�Q�r �i�?�2 �`�2�T�2�`�i�Q�B�`�2 �Q�7 �i���+�i�B�+�b �+���M �#�2 �2�t�i�2�M�/�2�/�X �6�B�M���H�H�v�- �r�2 �/�B�b�+�m�b�b �i�?�2 ���A�S�b
�`�2�[�m�B�`�2�/ �7�Q�` �i�?�B�b �m�b�2 �+���b�2�X

�6�Q�`�K���H �K�Q�/�2�H �Q�7 �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M �b�v�b�i�2�K�X�h�?�2 �7�Q�`�K���H �K�Q�/�2�H �Q�7 �i�?�2 �b�v�b�i�2�K �`�2�@
�[�m�B�`�2�b �K�Q�/�m�H�2�b �7�Q�` �2���+�? �Q�7 �i�?�2 �/�B�z�2�`�2�M�i �K�Q�p�B�M�; �T���`�i�b �i�?���i �?���p�2 ���M �B�K�T���+�i �Q�M �i�?�2 �b�v�b�i�2�K�X
�h�?�m�b�- �r�2 �K�Q�/�2�H�, �U�B�V �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i �m�M�/�2�` �r�?�B�+�? �i�?�2 �b�v�b�i�2�K �B�b �Q�T�2�`���i�B�M�;�c �U�B�B�V �i�?�2 ���/���T�i���@
�i�B�Q�M �i���+�i�B�+�b ���M�Q�T���M�/� �̀2�i� �̀��B�M�c ���M�/ �U�B�B�B�V �i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i �� �i�Q ���M���H�v�x�2 �?�Q�r �K�B�b�T�`�2�/�B�+�i�B�Q�M�b

�e�9



�G�B�b�i�B�M�; �e�X�R�, ���/���T�i���i�B�Q�M �K���M���;�2�` ���M�/ �a�v�b�i�2�K �`�2�r���`�/�b�R

�R �K�Q�/�m�H�2���/���T�i���i�B�Q�M�n�K���M���;�2�`
�k �b�2�H�2�+�i�h���+�i�B�+ �,�#�Q�Q�H �B�M�B�i �7���H�b�2�c
�j �+�m�`�`�h���+�i�B�+ �, �( �M�Q�M�2 �X�X �`�2�i�`���B�M�)�B�M�B�i�M�Q�M�2�c
�9

�8 �( �M�2�r�1�p�2�M�i �) �5�b�2�H�2�+�i�h���+�i�B�+ �@�= �U�b�2�H�2�+�i�h���+�i�B�+ �^�4�i�`�m�2�V���U�+�m�`�`�h���+�i�B�+ �^�4�M�Q�M�2�V�c
�e

�d �f�f �M�Q�M�@�/�2�i�2�`�K�B�M�B�b�i�B�+ �+�?�Q�B�+�2 �#�2�i�r�2�2�M ���/���T�i���i�B�Q�M �i���+�i�B�+�b
�3 �( �M�Q�T�) �U�b�2�H�2�+�i�h���+�i�B�+�4�i�`�m�2�V �@�= �R�,�U �+�m�`�`�h���+�i�B�+ �^�4�M�Q�T�V���U�b�2�H�2�+�i�h���+�i�B�+ �^�4�7���H�b�2�V�c
�N �( �`�2�i�`���B�M�) �U�b�2�H�2�+�i�h���+�i�B�+�4�i�`�m�2�V���U�M�2�r�.���i�� �= �y�V �@�=

�R�y �R�,�U �+�m�`�`�h���+�i�B�+ �^�4�`�2�i�`���B�M�V���U�b�2�H�2�+�i�h���+�i�B�+ �^�4�7���H�b�2�V�c
�R�R

�R�k �( �i�B�+�F�) �U�+�m�`�`�h���+�i�B�+ �5�4 �M�Q�M�2�V �@�= �R�,�U �+�m�`�`�h���+�i�B�+�^ �4 �M�Q�M�2�V�c
�R�j �2�M�/�K�Q�/�m�H�2
�R�9

�R�8 �7�Q�`�K�m�H���i���+�i�B�+�n�+�Q�b�i �4 �U�+�m�`�`�h���+�i�B�+ �4 �`�2�i�`���B�M�V �\ �`�2�i�`���B�M�*�Q�b�i �, �y�c
�R�e �7�Q�`�K�m�H���7�T�`�n�p�B�Q�H���i�B�Q�M�n�+�Q�b�i �4 �U�7�T�` �= �6�S�_�n�h�>�_�1�a�>�P�G�. �V �\ �6�S�_�n�*�P�a�h �, �y�c
�R�d �7�Q�`�K�m�H���i�T�`�n�p�B�Q�H���i�B�Q�M�n�+�Q�b�i �4 �U�i�T�` �I �h�S�_�n�h�>�_�1�a�>�P�G�. �V �\ �h�S�_�n�*�P�a�h �, �y�c
�R�3

�R�N �`�2�r���`�/�b�] �b�v�b�i�2�K�l�i�B�H�B�i�v �]
�k�y �( �i�B�+�F�)�i�`�m�2�� �U�i�B�K�2 �=�y�V �, �U�i���+�i�B�+�G���i�2�M�+�v � �T�2�`�+�2�M�i�h�t�b � �U
�k�R �U�U�A�L�A�h�n�6�S�_ �= �6�S�_�n�h�>�_�1�a�>�P�G�. �V �\ �6�S�_�n�*�P�a�h �, �y�V
�k�k �Y �U�U�A�L�A�h�n�h�S�_ �I �h�S�_�n�h�>�_�1�a�>�P�G�. �V �\ �h�S�_�n�*�P�a�h �, �y�V
�k�j �V �Y �U�R �@ �i���+�i�B�+�G���i�2�M�+�v�V � �U�R �@ �T�2�`�+�2�M�i�h�t�b�V � �U�i���+�i�B�+�*�Q�b�i �Y �7�T�`�n�p�B�Q�H���i�B�Q�M�n�+�Q�b�i �Y

�i�T�`�n�p�B�Q�H���i�B�Q�M�n�+�Q�b�i �V�V�c
�k�9 �2�M�/�`�2�r���`�/�b

���z�2�+�i �b�v�b�i�2�K �m�i�B�H�B�i�v�- �i�Q �b�B�K�m�H���i�2 �i�?�2 �2�t�2�+�m�i�B�Q�M �Q�7 �i�?�2 �i���+�i�B�+�b�- ���M�/ �i�Q �m�M�/�2�`�b�i���M�/ �i�?�2 �B�K�T���+�i
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�U���V �o���`�B���i�B�Q�M �Q�7 �h�S�_ �a�G���U�#�V �o���`�B���i�B�Q�M �Q�7 �`�2�i�`���B�M �+�Q�b�i�U�+�V �o���`�B���i�B�Q�M �Q�7 �`�2�i�`���B�M �H���i�2�M�+�v

�6�B�;�m�`�2 �e�X�k�, �A�K�T���+�i �Q�7 �2�t�2�+�m�i�B�Q�M �+�Q�M�i�2�t�i �Q�M �i�?�2 �i�Q�i���H �+�Q�b�i �B�M�+�m�`�`�2�/�X

�A�K�T���+�i �Q�7 �1�t�2�+�m�i�B�Q�M �*�Q�M�i�2�t�i �U�_�Z�j�V

�h�Q ���M�b�r�2�`�_�Z�j ���M�/ �2�p���H�m���i�2 �?�Q�r �/�B�z�2�`�2�M�i �2�t�2�+�m�i�B�Q�M �+�Q�M�i�2�t�i�b �B�K�T���+�i �i�?�2 �M�2�2�/ �7�Q�` �`�2�@
�i�`���B�M�- �r�2 �`���M �2�t�T�2�`�B�K�2�M�i�b �7�Q�` �/�B�z�2�`�2�M�i �a�G�� �i�?�`�2�b�?�Q�H�/�b�- �`�2�i�`���B�M �+�Q�b�i�b�- ���M�/ �`�2�i�`���B�M �H���i�2�M�+�B�2�b�X
�a�T�2�+�B�}�+���H�H�v�- �r�2 �i�2�b�i�2�/ �i�?�2 �p���H�m�2�b �b�?�Q�r�M �B�M �h���#�H�2 �e�X�9 �7�Q�` �2���+�? �/�B�K�2�M�b�B�Q�M�- �}�t�B�M�; �i�?�2 �`�2�K���B�M�@
�B�M�; �i�r�Q �/�B�K�2�M�b�B�Q�M�b �i�Q �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �#���b�2 �b�+�2�M���`�B�Q �U�h�S�_ �i�?�`�2�b�?�Q�H�/ �4 �d�y�- �`�2�i�`���B�M �+�Q�b�i �4
�3�- �`�2�i�`���B�M �H���i�2�M�+�v �4 �y�V�X �6�B�;�m�`�2 �e�X�k �/�B�b�T�H���v�b �i�?�2�b�2 �`�2�b�m�H�i�b�X

�o���`�v�B�M�; �i�?�2 �h�S�_ �a�G���X�_�2�;���`�/�B�M�; �i�?�2 �h�S�_ �i�?�`�2�b�?�Q�H�/ �U�6�B�;�m�`�2 �e�X�k���V �i�?�2 �`�2�b�m�H�i�b �b�?�Q�r
�i�?���i �i�?�2 �+�Q�b�i �B�M�+�m�`�`�2�/ �#�v �i�?�2 ���T�T�`�Q���+�?�2�b �B�M�+�`�2���b�2�b ���b �i�?�2 �h�S�_ �i�?�`�2�b�?�Q�H�/ �B�M�+�`�2���b�2�b�X �h�?�B�b �B�b
�D�m�b�i�B�}�2�/ �#�v �i�?�2 �7���+�i �i�?���i ���M �B�M�+�`�2���b�2 �B�M �i�?�2 �h�S�_ �i�?�`�2�b�?�Q�H�/ �v�B�2�H�/�b �� �K�Q�`�2 �/�B�{�+�m�H�i �T�`�Q�#�H�2�K ��
�i�?�2 �b�v�b�i�2�K �i�Q�H�2�`���i�2�b �H�2�b�b �B�M�+�Q�`�`�2�+�i �+�H���b�b�B�}�+���i�B�Q�M�b �Q�7 �7�`���m�/ �i�`���M�b���+�i�B�Q�M�b�X �h�?�B�b �H�2���/�b �i�Q �K�Q�`�2
�a�G�� �p�B�Q�H���i�B�Q�M�b�- �i�?�m�b �B�M�+�`�2���b�B�M�; �i�?�2 �+�Q�b�i�X �h�?�2 �P�T�i�B�K�m�K ���M�/ ���A�S ���T�T�`�Q���+�?�2�b ���H�b�Q �b�m�z�2�` ��
�+�Q�b�i �B�M�+�`�2���b�2 �b�B�M�+�2 �`�2�i�`���B�M�B�M�; �/�Q�2�b �M�Q�i �M�2�+�2�b�b���`�B�H�v �T�`�2�p�2�M�i �i�?�2�K �7�`�Q�K �p�B�Q�H���i�B�M�; �i�?�2 �a�G���b�X

�o���`�v�B�M�; �i�?�2 �`�2�i�`���B�M �+�Q�b�i�X�6�Q�+�m�b�B�M�; �M�Q�r �Q�M �i�?�2 �`�2�i�`���B�M �+�Q�b�i �U�6�B�;�m�`�2 �e�X�k�#�V �r�2 �b�2�2 �i�?���i �B�7
�i�?�2 �+�Q�b�i �B�b �p�2�`�v �H�Q�r�- �i�?�2 �/�2�+�B�b�B�Q�M �Q�7 �r�?�2�i�?�2�` �i�Q �`�2�i�`���B�M �B�b �7���B�`�H�v �i�`�B�p�B���H ���M�/ �b�Q ���H�H ���T�T�`�Q���+�?�2�b
�i�?���i �`�2�i�`���B�M �i�?�2 �J�G �+�Q�K�T�Q�M�2�M�i ���`�2 �+�H�Q�b�2 �i�Q �i�?�2 �P�T�i�B�K�m�K�X �>�Q�r�2�p�2�`�- ���b �i�?�2 �`�2�i�`���B�M �+�Q�b�i
�B�M�+�`�2���b�2�b�- �r�2 �b�i���`�i �i�Q �M�Q�i�B�+�2 �?�Q�r �+���`�2�7�m�H�H�v �b�2�H�2�+�i�B�M�; �r�?�2�M �i�Q �`�2�i�`���B�M�- ���+�+�Q�m�M�i�B�M�; �7�Q�` �i�?�2 �+�Q�b�i�b
���M�/ �#�2�M�2�}�i�b �Q�7 �i�?�2 �i���+�i�B�+�- �/�Q�2�b �T���v �Q�z�- ���b �i�?�2 ���A�S �;�2�i�b �+�H�Q�b�2�` �i�Q �i�?�2 �P�T�i�B�K�m�K �i�?���M �i�?�2
�Q�i�?�2�` ���T�T�`�Q���+�?�2�b�X ���b �2�t�T�2�+�i�2�/�- �i�?�2 �L�Q�@�`�2�i�`���B�M ���T�T�`�Q���+�? �B�b �M�Q�i ���z�2�+�i�2�/ �#�v �i�?�B�b �/�B�K�2�M�b�B�Q�M�X

�o���`�v�B�M�; �i�?�2 �`�2�i�`���B�M �H���i�2�M�+�v�X�6�B�M���H�H�v�- �`�2�;���`�/�B�M�; �i�?�2 �`�2�i�`���B�M �H���i�2�M�+�v �/�B�K�2�M�b�B�Q�M�- �i�?�2 �p���H�m�2�b
�i�2�b�i�2�/ �+�Q�`�`�2�b�T�Q�M�/ �i�Q �T�2�`�+�2�M�i���;�2�b �Q�7 �i�?�2 �i�B�K�2 �B�M�i�2�`�p���H �i�?���i ���`�2 �Q�+�+�m�T�B�2�/ �r�B�i�? �i�?�2 �`�2�i�`���B�M
�2�t�2�+�m�i�B�Q�M�X �h�?���i �B�b�, �`�2�i�`���B�M �H���i�2�M�+�v= 0 �4) �`�2�i�`���B�M �B�b ���b�b�m�K�2�/ �B�M�b�i���M�i���M�2�Q�m�b�c �`�2�i�`���B�M
�H���i�2�M�+�v= 1 �4) �/�m�`�B�M�; �i�?�2 �}�`�b�i10�W �?�Q�m�`�b �Q�7 �i�?�2 �i�B�K�2 �B�M�i�2�`�p���H �i�?�2 �K�Q�/�2�H �B�b �m�M�/�2�` �`�2�i�`���B�M
���M�/ �i�`���M�b���+�i�B�Q�M�b ���`�2 �+�H���b�b�B�}�2�/ �m�b�B�M�; �i�?�2 �2�t�B�b�i�B�M�;�- �M�Q�M�@�`�2�i�`���B�M�2�/ �K�Q�/�2�H�X �h�?�2 �b���K�2 �`���i�B�Q�M���H�2
���T�T�H�B�2�b �i�Q �`�2�i�`���B�M �H���i�2�M�+�v= 5�X �h�?�2 �`�2�b�m�H�i�b �U�6�B�;�m�`�2 �e�X�k�+�V �b�?�Q�r �i�?���i �i�?�B�b �/�B�K�2�M�b�B�Q�M �?���b
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�j�X�9�8�N �y�X�y�d�y �j�X�R�R�j �y�X�y�e�R

�h���#�H�2 �e�X�8�, �h�B�K�2 �Q�p�2�`�?�2���/ �U�b�2�+�b�V �Q�7 �i�?�2 ���/���T�i���i�B�Q�M �b�i�`���i�2�;�v �;�2�M�2�`���i�B�Q�M �T�`�Q�+�2�b�b�X �h�?�2
�+�Q�H�m�K�M�b �M���K�2�/ �õ�S�_�A�a�J�ö �b�?�Q�r �Q�M�H�v �i�?�2 �i�B�K�2 �Q�p�2�`�?�2���/ �/�m�2 �i�Q �p�2�`�B�7�v�B�M�; �i�?�2 �7�Q�`�K���H �K�Q�/�2�H�X
�h�?�2 �`�2�K���B�M�B�M�; �+�Q�H�m�K�M�b �/�B�b�T�H���v �i�?�2 �i�Q�i���H �i�B�K�2 �Q�p�2�`�?�2���/ �/�m�2 �i�Q �i�?�2 ���A�S�b ���M�/ �i�Q �i�?�2 �T�`�Q�#�@
���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�;�X

�H�B�i�i�H�2 �B�K�T���+�i �Q�M �i�?�2 �+�Q�b�i �Q�7 ���M�v ���T�T�`�Q���+�?�- ���H�i�?�Q�m�;�? �i�?�2 �i�Q�i���H �+�Q�b�i �Q�7 �i�?�2 �P�T�i�B�K�m�K �b�Q�H�m�i�B�Q�M
�B�M�+�`�2���b�2�b �b�H�B�;�?�i�H�v ���b �i�?�2 �`�2�i�`���B�M �H���i�2�M�+�v �;�`�Q�r�b�X �A�M �7���+�i�- �2�p�2�M �B�7 �i�?�B�b �#���b�2�H�B�M�2 �+���M ���H�r���v�b
�+�Q�`�`�2�+�i�H�v �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �B�i �B�b �r�Q�`�i�? �B�i �i�Q �`�2�i�`���B�M �i�?�2 �K�Q�/�2�H ���i ���M�v �i�B�K�2t�- �B�7 �i�?�2 �`�2�i�`���B�M
�H���i�2�M�+�v �B�M�+�`�2���b�2�b�- �� �7�`���+�i�B�Q�M �Q�7 �i�?�2 �i�`���M�b���+�i�B�Q�M�b �7�Q�` �i�?�2t�@�i�? �B�M�i�2�`�p���H ���`�2 �+�H���b�b�B�}�2�/ �m�b�B�M�; ���M
�Q�H�/ �K�Q�/�2�H�- �i�?�m�b �B�M�+�`�2���b�B�M�; �i�?�2 ���K�Q�m�M�i �Q�7 �K�B�b�+�H���b�b�B�}�+���i�B�Q�M�b ���M�/ �a�G�� �p�B�Q�H���i�B�Q�M�b�X

�h�B�K�2 �*�Q�K�T�H�2�t�B�i�v �U�_�Z�9�V

�a�B�M�+�2 �i�?�2 �T�m�`�T�Q�b�2 �Q�7 �i�?�2 �7�`���K�2�r�Q�`�F �B�b �i�Q �2�M���#�H�2 �`�m�M�@�i�B�K�2 ���/���T�i���i�B�Q�M �Q�7 �J�G �+�Q�K�T�Q�M�2�M�i�b �i�Q
�B�K�T�`�Q�p�2 �b�v�b�i�2�K �m�i�B�H�B�i�v�- �r�2 �2�p���H�m���i�2 �i�?�2 �i�B�K�2 �+�Q�K�T�H�2�t�B�i�v �Q�7 �i�?�2 �T�`�Q�+�2�b�b �Q�7 �;�2�M�2�`���i�B�M�; �i�?�2
���/���T�i���i�B�Q�M �b�i�`���i�2�;�v�X �h�?�B�b �T�`�Q�+�2�b�b �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �[�m�2�`�v�B�M�; �i�?�2 ���A�S�b ���M�/ �?���p�B�M�; �S�_�A�a�J
�p�2�`�B�7�v �i�?�2 �T�`�Q�T�2�`�i�v �Q�7 �B�M�i�2�`�2�b�i �7�Q�` �i�?�2 �7�Q�`�K���H �K�Q�/�2�H �Q�7 �i�?�2 �b�v�b�i�2�K�X �h���#�H�2 �e�X�8 �b�?�Q�r�b �i�?�2
���p�2�`���;�2 ���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2 �i�B�K�2 �Q�p�2�`�?�2���/ �/�m�2 �i�Q �i�?�2 �r�?�Q�H�2 �T�`�Q�+�2�b�b ���M�/ �Q�7 �i�?�2
�7�Q�`�K���H �K�Q�/�2�H �p�2�`�B�}�+���i�B�Q�M ���H�Q�M�2�X �h�?�2�b�2 �p���H�m�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �2�t�2�+�m�i�B�Q�M �+�Q�M�i�2�t�i �/�2�}�M�2�/
�B�M �a�2�+�i�B�Q�M �e�X�k�X�R ���M�/ �r�2�`�2 �Q�#�i���B�M�2�/ �#�v �`�m�M�M�B�M�; �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �Q�M �� �K���+�?�B�M�2 �r�B�i�? ���M
���J�. �1�S�u�* �d�k�3�k �*�S�l�!�k�X�3�:�>�x�- �r�B�i�? �R�e �+�Q�`�2�b ���M�/ �R�k�3�:�" �_���J�X ���b �+���M �#�2 �b�2�2�M�- �i�?�2
�T�`�Q�+�2�b�b �Q�7 �;�2�M�2�`���i�B�M�; �i�?�2 ���/���T�i���i�B�Q�M �b�i�`���i�2�;�v �i���F�2�b ���`�Q�m�M�/ �j�X�8 �b�2�+�Q�M�/�b�- �r�?�B�+�? �B�b �T�2�`�7�2�+�i�H�v
���z�Q�`�/���#�H�2 �+�Q�M�b�B�/�2�`�B�M�; �i�?���i �`�2�i�`���B�M�B�M�; �J�G �+�Q�K�T�Q�M�2�M�i�b �?���b �� �K�m�+�? �?�B�;�?�2�` �i�B�K�2 �Q�p�2�`�?�2���/�X
�h�?�B�b ���M�b�r�2�`�b�_�Z�9 ���M�/ �b�?�Q�r�b �i�?���i �i�?�2 �T�`�Q�T�Q�b�2�/ �7�`���K�2�r�Q�`�F �+���M �#�2 �2�K�T�H�Q�v�2�/ �i�Q ���/���T�i
�J�G�@�2�M���#�H�2�/ �b�v�b�i�2�K�b �Q�M�H�B�M�2�X

�e�X�k�X�k �A�K�T���+�i �Q�7 �G���#�2�H �.�2�H���v

�q�2 �M�Q�r �2�p���H�m���i�2 �U�B�V �i�?�2 �B�K�T���+�i �Q�7 �H���#�2�H �/�2�H���v �r�?�2�M �2�b�i�B�K���i�B�M�; �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �J�G
�K�Q�/�2�H ���M�/ �U�B�B�V �?�Q�r �i�?�2 ���+�+�`�m�2�/ �2�b�i�B�K���i�B�Q�M �2�`�`�Q�` ���z�2�+�i�b ���A�S �T�2�`�7�Q�`�K���M�+�2�X �h�?�B�b ���H�H�Q�r�b �m�b
�i�Q �m�M�/�2�`�b�i���M�/ �i�?�2 �`�2���H �B�K�T���+�i �Q�7 �i�?�2 ���b�b�m�K�T�i�B�Q�M �Q�M �;�`�Q�m�M�/ �i�`�m�i�? �H���#�2�H ���p���B�H���#�B�H�B�i�v�X �h�Q �/�Q
�b�Q�- �r�2 �+�Q�M�b�B�/�2�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �p���`�B���M�i�b �Q�7 �Q�m�` �7�`���K�2�r�Q�`�F�,
�Ç ���A�S�,���b�b�m�K�2�b �B�K�K�2�/�B���i�2 �H���#�2�H ���p���B�H���#�B�H�B�i�v�- �/�2�H���v= 0 �U�#���b�2 �p�2�`�b�B�Q�M �Q�7 �i�?�2 �7�`���K�2�r�Q�`�F�V�c
�Ç ���A�S�n�/�2�H�,�2�b�i�B�K���i�2�b �i�?�2 �+�m�`�`�2�M�i �J�G �K�Q�/�2�H �T�2�`�7�Q�`�K���M�+�2 �#���b�2�/ �Q�M �i�?�2 �/�2�H���v�2�/ �K�2�i�`�B�+�b�c
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�M�Q�B�b�v �B�M�T�m�i �7�2���i�m�`�2�b �r�?�2�M �[�m�2�`�v�B�M�;�f�i�`���B�M�B�M�; �i�?�2 �G���@���A�S�b�- �i�?�2 �T�`�2�/�B�+�i�B�Q�M�@�#���b�2�/ ���T�T�`�Q���+�?
�b�i�B�H�H �b�m�z�2�`�b �7�`�Q�K �2�`�`�Q�` ���+�+�m�K�m�H���i�B�Q�M ���b �i�?�2 �H�Q�Q�F�@���?�2���/ �B�M�+�`�2���b�2�b�X

�_�Z�R�X�P�m�` �`�2�b�m�H�i�b �/�2�K�Q�M�b�i�`���i�2 �i�?���i�, �U�B�V� �̀Q�Q�i�@�G���@���A�S�b �Q�m�i�T�2�`�7�Q�`�K �i�?�2 �Q�i�?�2�` �b�i� �̀��i�2�;�B�2�b
�7�Q�` �B�M�b�i���M�i�B���i�B�M�; �H�Q�M�;�@�i�2�`�K �T� �̀2�/�B�+�i�Q�`�b�c �U�B�B�V �i�?�2 �T�`�2�/�B�+�i�B�p�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2� �̀Q�Q�i�@�G���@���A�S�b
�B�b �+�Q�M�b�B�b�i�2�M�i ���+�`�Q�b�b �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �H�Q�Q�F�@���?�2���/�b�c �U�B�B�B�V �r�?�2�M �+�Q�m�T�H�2�/ �r�B�i�? �i�?�2� �̀Q�Q�i�@�G���@���A�S�b�-
�H�B�M�2���` �K�Q�/�2�H�b �+���M �T�`�2�/�B�+�i �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �h�S�_ ���M�/ �h�L�_ �7�Q�`�i�?�2 �H�Q�M�; �i�2�`�K�r�B�i�? ��
�[�m���H�B�i�v �+�Q�K�T���`���#�H�2 �i�Q �i�?���i ���+�?�B�2�p�2�/ �#�v �i�?�2 �K�v�Q�T�B�+�- �#�H���+�F�@�#�Q�t ���A�S�b �U�+�7�X �a�2�+�i�B�Q�M �e�X�k�X�R�V�X

�l�i�B�H�B�i�v �A�K�T�`�Q�p�2�K�2�M�i �/�m�2 �i�Q �_�B�T�T�H�2 �U�_�Z�k�V

�h�Q �2�p���H�m���i�2 �?�Q�r�_�B�T�T�H�2�B�K�T�`�Q�p�2�b �Q�p�2�` �K�v�Q�T�B�+ ���T�T�`�Q���+�?�2�b �/�m�2 �i�Q �B�i�b ���#�B�H�B�i�v �i�Q �T�H���M �7�Q�` �i�?�2
�H�Q�M�; �i�2�`�K�- �r�2 �b�?�Q�r �B�M �6�B�;�m�`�2 �e�X�d �i�?�2 �i�Q�i���H �+�Q�b�i �B�M�+�m�`�`�2�/ �#�v ���H�H �#���b�2�H�B�M�2�b�X �6�Q�` �i�?�B�b ���M���H�v�b�B�b�-
�r�2 �b�2�i �i�?�2 �`�2�i�`���B�M �+�Q�b�i �i�Q15�X �P�p�2�`���H�H�- �i�?�2 �`�2�b�m�H�i�b ���M�b�r�2�`�_�Z�k �#�v �b�?�Q�r�B�M�; �i�?���i �B�M �Q�m�` �+���b�2
�b�i�m�/�v�_�B�T�T�H�2�ö�b �H�Q�M�;�@�i�2�`�K ���/���T�i���i�B�Q�M �B�K�T� �̀Q�p�2�b �Q�p�2�` �K�v�Q�T�B�+ ���/���T�i���i�B�Q�M �#�v �m�T �i�Q21:4�W�X

�6�B�;�m�`�2 �e�X�d�� �+�Q�M�b�B�/�2�`�b �� �b�+�2�M���`�B�Q �B�M �r�?�B�+�? �i�?�2�`�2 �B�b �M�Q �`�2�i�`���B�M �H���i�2�M�+�v ���M�/ �i�?�2 �h�S�_
�i�?�`�2�b�?�Q�H�/ �B�b �b�2�i �i�Q60�W�X �h�?�2 �}�;�m�`�2 �b�?�Q�r�b �i�?�2 �U�+�m�K�m�H���i�B�p�2�V �i�Q�i���H �+�Q�b�i �Q�p�2�` �i�B�K�2 ���+�?�B�2�p�2�/
�#�v �2���+�? �#���b�2�H�B�M�2�X �h�?�2 �K���`�F�2�`�b �?�B�;�?�H�B�;�?�i �B�M�b�i���M�i�b �r�?�2�M �i�?�2 �J�G �K�Q�/�2�H �r���b �`�2�i�`���B�M�2�/ ���M�/
�i�?�2 �p���H�m�2�b �#�2�i�r�2�2�M �#�`���+�F�2�i�b �B�M �i�?�2 �H�2�;�2�M�/ �M�2�t�i �i�Q �2���+�? �#���b�2�H�B�M�2 �B�M�/�B�+���i�2 �i�?�2 �M�m�K�#�2�` �Q�7
�`�2�i�`���B�M�b �2�t�2�+�m�i�2�/�X �q�2 �p�2�`�B�7�v �i�?���i�_�B�T�T�H�2�B�K�T�`�Q�p�2�b �Q�p�2�` �B�i�b �K�v�Q�T�B�+ �+�Q�m�M�i�2�` �T���`�i�- �r�?�B�+�? �B�M
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�U���V �h�S�_= 60 ���M�/ �_�2�i�`���B�M�@�H���i�2�M�+�v= 0 �U�#�V �h�S�_= 70 ���M�/ �_�2�i�`���B�M�@�H���i�2�M�+�v= 2

�6�B�;�m�`�2 �e�X�d�, �h�Q�i���H �+�Q�b�i �B�M�+�m�`�`�2�/ �#�v �2���+�? �#���b�2�H�B�M�2 �r�?�2�M �`�2�i�`���B�M�@�+�Q�b�i= 15�X �h�?�2 �p���H�m�2�b
�#�2�i�r�2�2�M �#�`���+�F�2�i�b �B�M�/�B�+���i�2 �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�i�`���B�M�b �2�t�2�+�m�i�2�/ �#�v �2���+�? ���T�T�`�Q���+�?�X �1���+�? �K���`�F�2�`
�?�B�;�?�H�B�;�?�i�b �� �i�B�K�2 �B�M�b�i���M�i �r�?�2�M ��� �̀2�i� �̀��B�M���/���T�i���i�B�Q�M �r���b �T�2�`�7�Q�`�K�2�/�X

�i�m�`�M �B�K�T�`�Q�p�2�b �Q�p�2�` �i�?�2 �M���B�p�2 �#���b�2�H�B�M�2�b�X �a�T�2�+�B�}�+���H�H�v�-�_�B�T�T�H�2�r�B�i�? �H�Q�Q�F�@���?�2���/5 ���+�?�B�2�p�2�b ��
�i�Q�i���H �+�Q�b�i �Q�71205�- �r�?�B�H�2 �i�?�2 �K�v�Q�T�B�+ �p�2�`�b�B�Q�M �?���b �� �+�Q�b�i �Q�71535�U�� �`�2�/�m�+�i�B�Q�M �Q�721:4�W�V�X �q�2
���H�b�Q �b�2�2 �i�?���i�_�B�T�T�H�2�r�B�i�? �H�Q�Q�F�@���?�2���/10 �B�M�+�m�`�b �� �+�Q�b�i �Q�71260�- �r�?�B�+�? �B�b �?�B�;�?�2�` �i�?���M �i�?�2
�+�Q�b�i �Q�#�i���B�M�2�/ �#�v �i�?�2 �p�2�`�b�B�Q�M �r�B�i�? �H�Q�Q�F�@���?�2���/5�X �h�?�B�b �B�b �M�Q�i �b�m�`�T�`�B�b�B�M�; �b�B�M�+�2 �T�`�2�/�B�+�i�B�M�; �7�Q�`
�H�Q�M�;�2�` �H�Q�Q�F�@���?�2���/ �?�Q�`�B�x�Q�M�b �B�b �?���`�/�2�` �i�?���M �7�Q�` �b�?�Q�`�i �H�Q�Q�F�@���?�2���/ �?�Q�`�B�x�Q�M�b�, �i�?�2 �7�m�`�i�?�2�` �B�M�i�Q �i�?�2
�7�m�i�m�`�2 �Q�M�2 ���B�K�b �i�Q �T�`�2�/�B�+�i�- �i�?�2 �?�B�;�?�2�` �T�`�2�/�B�+�i�B�Q�M �2�`�`�Q�` �(�j�R�- �R�y�R�- �R�k�9�)�X �h�?�B�b �+���M �m�H�i�B�K���i�2�H�v
�H�2���/ �i�?�2 �T�H���M�M�2�` �i�Q �K���F�2 �B�M�+�Q�`�`�2�+�i �/�2�+�B�b�B�Q�M�b �r�?�2�M ���/�Q�T�i�B�M�; �H�Q�M�; �T�H���M�M�B�M�; �?�Q�`�B�x�Q�M�b�X

�A�M �6�B�;�m�`�2 �e�X�d�# �r�2 �+�Q�M�b�B�/�2�` �� �b�+�2�M���`�B�Q �r�?�2�`�2 �2�t�2�+�m�i�B�M�; �� �`�2�i�`���B�M �i���F�2�b2 �i�B�K�2 �B�M�i�2�`�p���H�b�X
�q�2 �b�2�2 �i�?���i �#�Q�i�? �K�v�Q�T�B�+ �#���b�2�H�B�M�2�b �U�Q�T�i�B�K�m�K ���M�/�_�B�T�T�H�2�V �T�2�`�7�Q�`�K �Q�M�H�v �i�?�2 �B�M�B�i�B���H �`�2�i�`���B�M
�U���i �i�B�K�20�V�X �h�?�B�b �B�b �/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i �K�v�Q�T�B�+�_�B�T�T�H�2�+���M�M�Q�i �T�`�Q�T�2�`�H�v �2�p���H�m���i�2 �i�?�2
�#�2�M�2�}�i�b �Q�7 �2�t�2�+�m�i�B�M�; �� �`�2�i�`���B�M �b�B�M�+�2 �B�i �2�p���H�m���i�2�b �Q�M�H�v �� �b�B�M�;�H�2 �7�m�i�m�`�2 �i�B�K�2 �B�M�i�2�`�p���H�X �>�Q�r�2�p�2�`�-
���b �i�?�2 �`�2�i�`���B�M �i���F�2�b2 �i�B�K�2 �B�M�i�2�`�p���H�b �i�Q �+�Q�K�T�H�2�i�2�- �K�v�Q�T�B�+�_�B�T�T�H�2�T�2�`�+�2�B�p�2�b �� �`�2�i�`���B�M ���b
�?���p�B�M�; �2�t���+�i�H�v �i�?�2 �b���K�2 �B�K�T���+�i �Q�7 �M�Q�i �`�2�i�`���B�M�B�M�;�- �2�t�+�2�T�i ���i �� �+�Q�b�i�X �>�2�M�+�2 �B�i �/�2�+�B�/�2�b �i�Q �M�2�p�2�`
�`�2�i�`���B�M�X �*�Q�M�p�2�`�b�2�H�v�- �i�?�2 �H�Q�M�;�@�b�B�;�?�i�2�/ �p�2�`�b�B�Q�M�b �Q�7�_�B�T�T�H�2�;�2�i �+�H�Q�b�2�` �i�Q �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;
�Q�T�i�B�K���H �Q�`���+�H�2�b�- ���+�?�B�2�p�B�M�; �� �+�Q�b�i �`�2�/�m�+�i�B�Q�M �Q�715:14�W �r�B�i�? �`�2�b�T�2�+�i �i�Q �K�v�Q�T�B�+�_�B�T�T�H�2�X �h�?�B�b
�/�2�K�Q�M�b�i�`���i�2�b �?�Q�r �H�Q�M�;�@�i�2�`�K �T�H���M�M�B�M�; ���H�H�Q�r�b �b�v�b�i�2�K�b �i�Q �#�2�+�Q�K�2 �H���i�2�M�+�v�@���r���`�2 ���M�/ �B�K�T�`�Q�p�2
�Q�p�2�`���H�H �b�v�b�i�2�K �m�i�B�H�B�i�v�X

�A�K�T���+�i �Q�7 �a�v�b�i�2�K�f�1�M�p�B�`�Q�M�K�2�M�i���H �a�i���i�2 �U�_�Z�j�V

�h�Q �m�M�/�2�`�b�i���M�/ �i�?�2 �H���M�/�b�+���T�2 �Q�7 �T�Q�b�b�B�#�H�2 �B�K�T�`�Q�p�2�K�2�M�i�b �i�?���i �H�Q�M�;�@�i�2�`�K ���/���T�i���i�B�Q�M �+���M �v�B�2�H�/�-
�r�2 �B�M�p�2�b�i�B�;���i�2�/ �?�Q�r �b�2�p�2�`���H �i�m�M���#�H�2 �b�v�b�i�2�K �p���`�B���#�H�2�b �B�K�T���+�i �#�Q�i�? �i�?�2 �M�2�2�/ �7�Q�` ���M�/ �;���B�M�b
���+�?�B�2�p���#�H�2 �#�v ���/���T�i���i�B�Q�M�X �h�?�m�b�- �r�2 �p���`�B�2�/ �i�?�2 �7�Q�H�H�Q�r�B�M�; �T���`���K�2�i�2�`�b�, �a�G�� �Q�M �i�?�2 �b�v�b�i�2�K�ö�b
�i�`�m�2 �T�Q�b�B�i�B�p�2 �`���i�2 �U�h�S�_�V�- �`�2�i�`���B�M �+�Q�b�i �U�_�*�V�- �`�2�i�`���B�M �H���i�2�M�+�v �U�_�G�V�- ���M�/ �i�?�2 �H�Q�Q�F�@���?�2���/�X �h�?�2
�Q�T�i�B�K�m�K �Q�`���+�H�2 �B�b �i�?�2 �Q�M�H�v �#���b�2�H�B�M�2 �+�Q�M�b�B�/�2�`�2�/ �#�2�+���m�b�2 �B�i �B�b �i�?�2 �Q�M�H�v �Q�M�2 �b�2�M�b�B�i�B�p�2 �i�Q �i�?�2
�H�Q�Q�F�@���?�2���/ �T���`���K�2�i�2�`�X

�h�?�2 �`�2�b�m�H�i�b �+���M �#�2 �Q�#�b�2�`�p�2�/ �B�M �6�B�;�m�`�2 �e�X�3�- �r�?�2�`�2 �r�2 �b�?�Q�r �i�?�2 �i�Q�i���H �+�Q�b�i �U�B�X�2�X�- �b�v�b�i�2�K
�m�i�B�H�B�i�v�V ���i�i���B�M�2�/ �#�v �i�?�2 �Q�T�i�B�K�m�K �U�6�B�;�X �e�X�3���V ���M�/ �#�v�_�B�T�T�H�2�U�6�B�;�X �e�X�3�#�V �M�Q�`�K���H�B�x�2�/ �i�Q �i�?�2
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�U���V �P�T�i�B�K�m�K�X �U�#�V�_�B�T�T�H�2�X

�6�B�;�m�`�2 �e�X�3�, �h�Q�i���H �+�Q�b�i �Q�#�i���B�M�2�/ �#�v�_�B�T�T�H�2���M�/ �P�T�i�B�K�m�K �B�M �K�m�H�i�B�T�H�2 �2�t�2�+�m�i�B�Q�M �+�Q�M�i�2�t�i�b�-
�p���`�v�B�M�; �i�?�2 �`�2�i�`���B�M �+�Q�b�i�- �`�2�i�`���B�M �H���i�2�M�+�v�- �H�Q�Q�F�@���?�2���/�- ���M�/ �h�S�_ �a�G�� �i�?�`�2�b�?�Q�H�/�X �h�?�2 �+�Q�b�i�b
���`�2 �M�Q�`�K���H�B�x�2�/ �i�Q �i�?�2 �+�Q�b�i �Q�7 �i�?�2 �K�v�Q�T�B�+ ���T�T�`�Q���+�? �U�H�Q�Q�F�@���?�2���/�4�R�V�- �?�2�M�+�2 �+�2�H�H�b �r�B�i�? �p���H�m�2�b
�H�Q�r�2�` �i�?���M �R �B�M�/�B�+���i�2 �b�+�2�M���`�B�Q�b �7�Q�` �r�?�B�+�? �H�Q�M�;�@�i�2�`�K ���/���T�i���i�B�Q�M �B�b �#�2�M�2�}�+�B���H�X

�i�Q�i���H �+�Q�b�i �Q�#�i���B�M�2�/ �#�v �i�?�2 �U�+�Q�`�`�2�b�T�Q�M�/�B�M�;�V �K�v�Q�T�B�+ �#���b�2�H�B�M�2 �U�B�X�2�X�- �i�?�2 �i�Q�i���H �+�Q�b�i ���+�?�B�2�p�2�/
�#�v �H�Q�M�;�@�i�2�`�K �Q�T�i�B�K�m�K �B�b �M�Q�`�K���H�B�x�2�/ �i�Q �i�?�2 �+�Q�b�i ���+�?�B�2�p�2�/ �#�v �K�v�Q�T�B�+ �Q�T�i�B�K�m�K ���M�/ �i�?�2
�+�Q�b�i ���+�?�B�2�p�2�/ �#�v �H�Q�M�;�@�i�2�`�K�_�B�T�T�H�2�B�b �M�Q�`�K���H�B�x�2�/ �i�Q �i�?�2 �+�Q�b�i ���+�?�B�2�p�2�/ �#�v �K�v�Q�T�B�+�_�B�T�T�H�2�V�X
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�P�T�i�B�K�B�x�2(SysU) = �+�?�Q�Q�b�2 �i���+�i�B�+ �i�?���M �K�B�M�B�K�B�x�2�b �i�Q�i���H �+�Q�b�i

�P�T�i�B�K���H �h���+�i�B�+= ���`�; �K�B�M
�i���+�i�B�+2f �}�M�2�i�m�M�2�-�M�Q�Tg

�+�Q�b�i(�i���+�i�B�+)

�+�Q�b�i(�M�Q�T) =
�JX

m=1

O � �#�Q�Q�H((
1
n

nX

i =1

wi � � Qim ) > T )

�+�Q�b�i(�}�M�2�i�m�M�2) = F +
�JX

m=1

R � �#�Q�Q�H((
1
n

nX

i =1

wi � � Qim ) < T )

�h�?�2 �;�Q���H �Q�7 �i�?�2 �b�2�H�7�@���/���T�i�B�p�2 �J�h �b�v�b�i�2�K �B�b �i�?�m�b �i�Q �b�2�H�2�+�i �i�?�2 �i���+�i�B�+ �i�?���i �K�B�M�B�K�B�x�2�b �i�?�2
�b�m�K �Q�7 �i�?�2 �Q�p�2�`���H�H �+�Q�b�i�b �B�M�+�m�`�`�2�/�X

�6�H�2�t�B�+�Q

�:�B�p�2�M �i�?�2 �/�B�z�2�`�2�M�+�2�b �#�2�i�r�2�2�M �i�?�B�b �m�b�2 �+���b�2 ���M�/ �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M �Q�M�2�- ���M�/ �b�B�M�+�2 �J�h
�K�Q�/�2�H�b ���`�2 �r�B�/�2�H�v �m�b�2�/ �B�M �� �M�m�K�#�2�` �Q�7 ���T�T�H�B�+���i�B�Q�M�b�- �r�2 �/�2�b�+�`�B�#�2 �?�Q�r �i�?�2 �7�`���K�2�r�Q�`�F �+���M
�#�2 �b�T�2�+�B���H�B�x�2�/ �i�Q �B�M�b�i���M�i�B���i�2 �b�2�H�7�@���/���T�i�B�p�2 �K���+�?�B�M�2 �i�`���M�b�H���i�B�Q�M �b�v�b�i�2�K�b�X �q�2 �+���H�H �i�?�B�b �b�T�2�@
�+�B���H�B�x���i�B�Q�M�6�H�2�t�B�+�Q���M�/ �/�2�b�+�`�B�#�2 �?�Q�r �2���+�? �F�2�v �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �7�`���K�2�r�Q�`�F �B�b �K�Q�/�B�}�2�/
�B�M�6�H�2�t�B�+�Q�i�Q ���+�+�Q�m�M�i �7�Q�` �i�?�2 �B�M�i�`�B�M�b�B�+ �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �J�h �b�v�b�i�2�K�b�X

�a�B�M�+�2�6�H�2�t�B�+�Q�+�Q�M�b�B�/�2�`�b �i�?�2�M�Q�T���M�/�}�M�2�@�i�m�M�2���/���T�i���i�B�Q�M �i���+�i�B�+�b�- ���M�/ �b�B�M�+�2 �i�?�2 �J�h
�/�Q�K���B�M �`�2�[�m�B�`�2�b �� �/�B�z�2�`�2�M�i �b�2�i �Q�7 �T�`�2�/�B�+�i�B�p�2 �7�2���i�m�`�2�b �+�Q�K�T���`�2�/ �i�Q �i�?�2 �7�`���m�/ �/�2�i�2�+�i�B�Q�M
�m�b�2 �+���b�2�- �r�2 �B�M�i�`�Q�/�m�+�2 �6�B�M�2�@�i�m�M�B�M�; �A�K�T���+�i �S�`�2�/�B�+�i�Q�`�b �U�6�A�S�b�V�- �r�?�B�+�? �b�T�2�+�B���H�B�x�2 �i�?�2 �B�/�2�� �Q�7
���A�S�b �#�v �B�M�i�`�Q�/�m�+�B�M�; �M�Q�p�2�H �K�2�i�?�Q�/�Q�H�Q�;�B�+���H ���b�T�2�+�i�b �B�M �Q�`�/�2�` �i�Q �#�2 �2�z�2�+�i�B�p�2�H�v �2�K�T�H�Q�v�2�/ �B�M
�i�?�2 �+�Q�M�i�2�t�i �Q�7 �J�h �b�v�b�i�2�K�b�X �h�?�2�b�2 �B�M�+�H�m�/�2�,

�R�X�A�/�2�M�i�B�7�v�B�M�; �� �M�2�r �b�2�i �Q�7 �J�h �b�T�2�+�B�}�+ �7�2���i�m�`�2�b �+���T���#�H�2 �Q�7 �+���T�i�m�`�B�M�; �/���i���b�2�i �b�?�B�7�i�b �B�M �i�?�2
�B�M�T�m�i ���M�/ �Q�m�i�T�m�i �Q�7 �J�h �K�Q�/�2�H�b�- �r�?�B�H�2 ���+�?�B�2�p�B�M�; ���M ���+�+�2�T�i���#�H�2 �i�`���/�2 �Q�z �#�2�i�r�2�2�M �i�?�2�B�`
�2�z�2�+�i�B�p�2�M�2�b�b �U�B�X�2�X�- �T�`�2�/�B�+�i�B�p�2 �T�Q�r�2�`�V ���M�/ �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i�b �U���b �i�?�B�b �?���b �i�Q �#�2 �B�M�+�m�`�`�2�/
�M�Q�i �Q�M�H�v �7�Q�` �i�`���B�M�B�M�; �#�m�i ���H�b�Q �7�Q�` �[�m�2�`�v�B�M�; �i�?�2 �6�A�S�b�V�X
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�6�B�;�m�`�2 �e�X�R�R�, �J���+�?�B�M�2 �h�`���M�b�H���i�B�Q�M �Z�m���H�B�i�v �J���i�`�B�t �U�J�h�Z�J�V �� �2���+�? �`�Q�r �`�2�T�`�2�b�2�M�i�b �� �/�Q�K���B�M
�i�?���i �B�b �`�2�H�2�p���M�i �i�Q �i�?�2 �J�h �b�v�b�i�2�K�- ���M�/ �2���+�? �+�Q�H�m�K�M �`�2�T�`�2�b�2�M�i�b �� �b�T�2�+�B�}�+ �J�h �2�p���H�m���i�B�Q�M
�K�2�i�`�B�+ �U�2�X�;�X�- �*�P�J�1�h�k�k�- �a���+�`�2�"�G�1�l�- �+�?�`�6�V�X

�k�X�6�Q�` �J�h �b�v�b�i�2�K�b �H�B�F�2�w�M�M�- �i�?���i �+�Q�M�b�B�/�2�` �b�2�p�2�`���H �/�Q�K���B�M�b �U�2�X�;�X�- �T�Q�H�B�i�B�+�b �M�2�r�b �p�b �b�T�Q�`�i�b
�M�2�r�b�V �r�B�i�? �/�B�z�2�`�2�M�i �r�2�B�;�?�i�b�- �i�?�2 �B�K�T���+�i �Q�7 ���}�M�2�@�i�m�M�2�K���v �?���p�2 �#�2�M�2�}�i�b �7�Q�` �b�Q�K�2 �/�Q�K���B�M�b
�#�m�i �� �/�2�i�`�B�K�2�M�i���H �B�K�T���+�i �7�Q�` �Q�i�?�2�`�b�X �h�?�m�b�- �i�Q �7�Q�+�m�b �Q�M �b�i�m�/�v�B�M�; �i�?�2 �T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v �Q�7 �i�?�2
�6�A�S�b �r�2 �/�2�+�Q�m�T�H�2 �i�?�2 �T�`�Q�#�H�2�K�b �Q�7 �U�B�V �2�b�i�B�K���i�B�M�; �7�m�i�m�`�2 �2�p�Q�H�m�i�B�Q�M�b �Q�7 �i�?�2 �B�M�T�m�i �/�B�b�i�`�B�#�m�i�B�Q�M�b
�i�Q �i�?�2 �J�h �K�Q�/�2�H ���M�/ �U�B�B�V �T�`�2�/�B�+�i�B�M�; �i�?�2 �p���`�B���i�B�Q�M �B�M �i�?�2 �i�`���M�b�H���i�B�Q�M �[�m���H�B�i�v �Q�7 ���M �J�h �b�v�b�i�2�K
�/�m�2 �i�Q �}�M�2�@�i�m�M�B�M�; �i�?�2 �J�h �K�Q�/�2�H�X ���b �b�m�+�?�- �r�2 �+�Q�M�b�B�/�2�` ���M ���H�i�2�`�M���i�B�p�2 �K�2�i�?�Q�/�Q�H�Q�;�v �7�Q�`
�2�b�i�B�K���i�B�M�; �i�?�2 �p���`�B���i�B�Q�M�b �Q�7 �i�?�2 �T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v �Q�7 �i�?�2 �J�h �K�Q�/�2�H �m�M�/�2�` ���/���T�i���i�B�Q�M�,
�2�p���H�m���i�B�M�; �i�?�2 �J�h �K�Q�/�2�H �#���b�2�/ �Q�M �� �b�2�i �Q�7 �`�2�7�2�`�2�M�+�2 �i�2�b�i�@�b�2�i�b �i�?���i ���`�2 �`�2�T�`�2�b�2�M�i���i�B�p�2 �Q�7
�i�?�2 �2�t�T�2�+�i�2�/ �B�M�T�m�i �/�B�b�i�`�B�#�m�i�B�Q�M�b ���+�`�Q�b�b �/�B�z�2�`�2�M�i �J�h �/�Q�K���B�M�b�X

�j�X�"�v �H�2�p�2�`���;�B�M�; �i�?�2 �M�Q�i�B�Q�M �Q�7 �/�Q�K���B�M�@�b�T�2�+�B�}�+ �i�2�b�i �b�2�i�b�- �r�2 �T�`�Q�T�Q�b�2 �i�r�Q ���H�i�2�`�M���i�B�p�2 �6�A�S
�/�2�b�B�;�M�b�- �M���K�2�H�v �6�A�S�b �i�`���B�M�2�/ �i�Q �T�`�2�/�B�+�i �i�?�2 �p���`�B���i�B�Q�M �Q�7 ���M �J�h �K�Q�/�2�H�ö�b �i�`���M�b�H���i�B�Q�M �[�m���H�B�i�v
���7�i�2�` �}�M�2�@�i�m�M�B�M�; �2�B�i�?�2�` �U���V �7�Q�` �� �b�B�M�;�H�2 �/�Q�K���B�M�- �Q�` �U�#�V �7�Q�` ���M�v �i���`�;�2�i �/�Q�K���B�M�X �h�?�2�b�2
�6�A�S �p���`�B���M�i�b�- ���b �r�2 �r�B�H�H �b�2�2�- �v�B�2�H�/ �/�B�z�2�`�2�M�i �i�`���/�2�@�Q�z�b �`�2�;���`�/�B�M�; �;�2�M�2�`���H�B�x���i�B�Q�M �i�Q �m�M�F�M�Q�r�M
�/�Q�K���B�M�b �p�2�`�b�m�b �T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v �Q�M �F�M�Q�r�M �/�Q�K���B�M�b�X

�6�Q�`�K���H�H�v �K�Q�/�2�H�B�M�; �J�h �K�Q�/�2�H�b�X�A�M�6�H�2�t�B�+�Q�- �r�2 �7�Q�`�K���H�H�v �K�Q�/�2�H �i�?�2 �J�h �K�Q�/�2�H �p�B��
�� �J���+�?�B�M�2 �h� �̀��M�b�H���i�B�Q�M �Z�m���H�B�i�v �J���i�`�B�t�U�J�h�Z�J�V�X �h�?�2 �J�h�Z�J �B�b �� �b�T�2�+�B���H�B�x���i�B�Q�M �Q�7 �i�?�2
�[�m���H�B�i�v �K���i�`�B�t �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �8�X�k �B�M �r�?�B�+�? �2���+�? �+�Q�H�m�K�M �`�2�T�`�2�b�2�M�i�b �� �/�Q�K���B�M �i�?���i
�B�b �`�2�H�2�p���M�i �i�Q �i�?�2 �J�h �b�v�b�i�2�K�- ���M�/ �2���+�? �`�Q�r �`�2�T�`�2�b�2�M�i�b �� �b�T�2�+�B�}�+ �J�h �2�p���H�m���i�B�Q�M �K�2�i�`�B�+
�U�2�X�;�X�- �*�P�J�1�h�k�k �(�R�8�R�)�- �+�?�`�6 �(�R�9�9�)�- �a���+�`�2�"�G�1�l �(�R�9�8�)�V�X �6�B�;�m�`�2 �e�X�R�R �b�?�Q�r�b ���M �2�t���K�T�H�2 �Q�7
�i�?�B�b �K���i�`�B�t�- �+�Q�M�b�B�/�2�`�B�M�; �/�Q�K���B�M�b �H�B�F�2 �b�T�Q�`�i�b�- �}�M���M�+�2�- ���M�/ �i�Q�m�`�B�b�K�X

�1�b�i�B�K���i�B�M�; �i�?�2 �2�t�T�2�+�i�2�/ �#�2�M�2�}�i�b �Q�7 �}�M�2�@�i�m�M�B�M�;�X�P�m�i �Q�7 �i�?�2 �i�?�`�2�2 �7�2���i�m�`�2 �;�`�Q�m�T�b
�T�`�2�b�2�M�i�2�/ �B�M �a�2�+�i�B�Q�M �8�X�j�- �i�?�2 �#���b�B�+ �7�2���i�m�`�2�b�ö �Q�M�2 �B�b �i�?�2 �K�Q�b�i �`�2�@�m�b���#�H�2�- �;�B�p�2�M �B�i�b �+�Q�K�T�H�2�i�2�H�v
�/�Q�K���B�M�@���;�M�Q�b�i�B�+ �M���i�m�`�2�X �u�2�i�- �i�?�2 �`�2�K���B�M�B�M�; �7�2���i�m�`�2 �;�`�Q�m�T�b �U�B�M�T�m�i ���M�/ �Q�m�i�T�m�i �7�2���i�m�`�2�b�V
���`�2 �b�i�`�Q�M�;�H�v �/�Q�K���B�M �U���M�/ �T�Q�b�b�B�#�H�v ���T�T�H�B�+���i�B�Q�M�V �/�2�T�2�M�/�2�M�i�X

�q�2 �T�`�Q�T�Q�b�2 ���M�/ �2�p���H�m���i�2 �i�?�2 �m�b�2 �Q�7 �� �b�T�2�+�B���H�B�x���i�B�Q�M �Q�7 �i�?�2�b�2 �i�r�Q �b�2�i�b �Q�7 �7�2���i�m�`�2�b �7�Q�` �J�h
�K�Q�/�2�H�b�,�J�h�@�[�m���H�B�i�v�7�2���i�m�`�2�b�+�Q�M�i�2�M�i�@���r��� �̀2�X �h�?�2 �7�Q�`�K�2�` �+���T�i�m�`�2 �i�?�2 �i�`���M�b�H���i�B�Q�M �T�2�`�7�Q�`�@
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�K���M�+�2 �Q�7 �i�?�2 �J�h �K�Q�/�2�H�- �#�Q�i�? �Q�M �i�?�2 �+�m�`�`�2�M�i �2�M�p�B�`�Q�M�K�2�M�i �U�`�2�+�2�M�i�H�v �i�`���M�b�H���i�2�/ �b�2�M�i�2�M�+�2�b�V
���b �r�2�H�H ���b �Q�M �}�t�2�/ �J�h �i�2�b�i �b�2�i�b�X

�h�?�2 �H���i�i�2�` �U�+�Q�M�i�2�M�i�@���r��� �̀2�V �B�M�+�H�m�/�2�b �7�2���i�m�`�2�b �B�M�b�T�B�`�2�/ �#�v �r�Q�`�F �Q�M �b�i���i�B�b�i�B�+���H �K���+�?�B�M�2
�i�`���M�b�H���i�B�Q�M �(�N�j�) �i�?���i ���B�K �i�Q �+�?���`���+�i�2�`�B�x�2 �i�?�2 �/���i�� �b�?�B�7�i�b �Q�7 �i�?�2 �i�2�t�i�m���H �+�Q�M�i�2�M�i �Q�7 �i�?�2 �b�2�M�@
�i�2�M�+�2�b ���p���B�H���#�H�2 �i�Q �i�?�2 �J�h �K�Q�/�2�H�b�- �7�`�Q�K �i�?�2 �T�2�`�b�T�2�+�i�B�p�2 �Q�7 �/�B�z�2�`�2�M�i �H���M�;�m���;�2 �T�`�Q�T�2�`�i�B�2�b
�b�m�+�? ���b �b�2�K���M�i�B�+ �b�B�K�B�H���`�B�i�v ���M�/ �H�2�t�B�+���H �Q�p�2�`�H���T�X �h�?�2�b�2 �7�2���i�m�`�2�b ���`�2 �/�2�b�B�;�M�2�/ �i�Q �/�2�i�2�+�i �b�?�B�7�i�b
�B�M �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�r�Q �/�B�z�2�`�2�M�i �/���i�� �;�`�Q�m�T�b�, �� �;�`�Q�m�T �`�2�T�`�2�b�2�M�i�B�M�; �ó�Q�H�/ �/���i���ô�- �B�X�2�X�-
�b�2�M�i�2�M�+�2�b �i�?���i �i�?�2 �J�h �K�Q�/�2�H �?���b �#�2�2�M �}�M�2�@�i�m�M�2�/ �r�B�i�?�- ���M�/ ���M�Q�i�?�2�` �;�`�Q�m�T �`�2�T�`�2�b�2�M�i�B�M�;
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�i�`���M�b�H���i�B�Q�M �[�m���H�B�i�v �Q�7 �/�B�z�2�`�2�M�i �J�h �K�Q�/�2�H�b �U���b ���H�H �Q�7 �i�?�2�K ���`�2 �2�p���H�m���i�2�/ �Q�M �i�?�2 �b���K�2 �i�2�b�i
�b�2�i�V�X ���/�/�B�i�B�Q�M���H�H�v�- �#�v �m�b�B�M�; �K�m�H�i�B�T�H�2 �}�t�2�/ �i�2�b�i �b�2�i�b�- �`�2�T�`�2�b�2�M�i���i�B�p�2 �Q�7 �p���`�B�Q�m�b �/�Q�K���B�M�b�- �r�2
���`�2 ���#�H�2 �i�Q �m�M�/�2�`�b�i���M�/ �r�?���i �K�Q�/�2�H �T�2�`�7�Q�`�K�b �#�2�b�i ���+�`�Q�b�b �/�B�z�2�`�2�M�i �/�Q�K���B�M�b�X

�6�B�M�2�@�h�m�M�B�M�; �A�K�T���+�i �S�`�2�/�B�+�i�Q�`�b �U�6�A�S�b�V�X�6�A�S�b ���`�2 �i�`���B�M�2�/ �m�b�B�M�; ���M �6�A�. �U�6�B�M�2�@�i�m�M�B�M�;
�A�K�T���+�i �.���i���b�2�i�V �i�?���i �B�b �+�Q�M�b�i�`�m�+�i�2�/ �b�B�K�B�H���`�H�v �i�Q ���M ���A�.�X �q�2 �b�i���`�i �#�v �}�M�2�@�i�m�M�B�M�;N �i�B�K�2�b
�i�?�2 �i���`�;�2�i �J�h �K�Q�/�2�H ���M�/�- �7�Q�` �2���+�? �}�M�2�@�i�m�M�B�M�;�- �r�2 �K�2���b�m�`�2 �i�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �`�2�b�m�H�i�B�M�; �J�h
�K�Q�/�2�H �Q�M �i�?�2 �b�2�H�2�+�i�2�/ �}�t�2�/ �i�2�b�i�@�b�2�i�b �m�b�B�M�; �K�m�H�i�B�T�H�2 �[�m���H�B�i�v �K�2�i�`�B�+�b�X �h�?�B�b �v�B�2�H�/�b �i�?�2 �J�h�Z�J
�7�Q�` �2���+�? �}�M�2�@�i�m�M�2�/ �K�Q�/�2�HM i ; i < N �X �q�?�2�M �}�M�2�@�i�m�M�B�M�; �K�Q�/�2�Hi �- �r�2 �}�M�2�@�i�m�M�2 �B�i �+�Q�M�b�B�/�2�`�B�M�;
���H�H �i�?�2 �/���i�� ���p���B�H���#�H�2 �m�T �i�Qi �X �h�?�B�b �B�M�+�H�m�/�2�b �/���i�� �r�B�i�? �r�?�B�+�? �K�Q�/�2�Hi � 1 �r���b �i�`���B�M�2�/ ���b
�r�2�H�H ���b �M�2�r �/���i�� �;���i�?�2�`�2�/ �b�B�M�+�2�X �L�2�t�i�- �7�Q�` �2���+�? �T���B�` �Q�7 �}�M�2�@�i�m�M�2�/ �K�Q�/�2�H�bM i ; M j �- �r�?�2�`�2
i < j �- �r�2 �;�2�M�2�`���i�2 �� �M�2�r �b���K�T�H�2 �7�Q�` �i�?�2 �6�A�. �#�v �+�Q�K�T�m�i�B�M�;�, �U�B�V �i�?�2 �T�`�2�p�B�Q�m�b�H�v �/�2�b�+�`�B�#�2�/
�7�2���i�m�`�2�b�- ���b�b�m�K�B�M�; �i�?���i �i�?�2�Q�H�/ �/���i���B�b �i�?�2 �/���i�� �m�b�2�/ �i�Q �}�M�2�@�i�m�M�2M i ���M�/ �i�?���i �i�?�2�M�2�r
�/���i�� �B�b �i�?�2 �/���i�� �m�b�2�/ �i�Q �}�M�2�@�i�m�M�2M j ���M�/ �M�Q�i �m�b�2�/ �i�Q �}�M�2�@�i�m�M�2M i �U�B�X�2�X�- �i�?�2 ���/�/�B�i�B�Q�M���H
�/���i�� �m�b�2�/ �B�M �}�M�2�@�i�m�M�2j �r�X�`�X�i�X �}�M�2�@�i�m�M�2i �V�c �U�B�B�V �i�?�2 �i���`�;�2�i �[�m���H�B�i�v �p���`�B���i�B�Q�M ���b �i�?�2 �/�B�z�2�`�2�M�+�2
�#�2�i�r�2�2�M �i�?�2 �J�h�Z�J�b �7�Q�`M j ���M�/M i �X �q�2 �T�`�Q�T�Q�b�2 �i�r�Q ���H�i�2�`�M���i�B�p�2 �6�A�S�b �p���`�B���M�i�b�- �r�?�B�+�?
�2�t�T�H�Q�`�2 �/�B�z�2�`�2�M�i �i�`���/�2�@�Q�z�b �#�2�i�r�2�2�M �;�2�M�2�`���H�B�x���i�B�Q�M�- ���M�/ �T�`�2�/�B�+�i�B�Q�M �[�m���H�B�i�v�,

�.�Q�K���B�M�@�b�T�2�+�B�}�+ �6�A�S�b�X�h�?�2�b�2 �6�A�S�b�- ���b �i�?�2 �M���K�2 �b�m�;�;�2�b�i�b�- ���`�2 �#�m�B�H�i �i�Q �2�b�i�B�K���i�2 �i�?�2
�2�t�T�2�+�i�2�/ �/�B�z�2�`�2�M�+�2 �B�M �J�h �T�2�`�7�Q�`�K���M�+�2 �7�Q�` �� �b�T�2�+�B�}�+ �/�Q�K���B�M �U�2�X�;�X�- �b�T�Q�`�i�b �Q�` �}�M���M�+�2�V�X �6�Q�`
�B�M�b�i���M�+�2�- �r�B�i�? �i�?�B�b �i�v�T�2 �Q�7 �6�A�S�- �B�7 �Q�m�` �;�Q���H �r���b �i�Q �m�M�/�2�`�b�i���M�/ �?�Q�r �}�M�2�@�i�m�M�B�M�; �i�?�2 �J�h
�K�Q�/�2�H �r�Q�m�H�/ �B�K�T���+�i �B�i�b �T�2�`�7�Q�`�K���M�+�2 �B�M �i�2�`�K�b �Q�7 �*�P�J�1�h�k�k �B�M �i�?�2 �/�Q�K���B�M �Q�7 �b�T�Q�`�i�b�- �r�2
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�r�Q�m�H�/ �?���p�2 �i�Q �[�m�2�`�v �i�?�2 �6�A�S �i�?���i �?���/ �2�t�+�H�m�b�B�p�2�H�v �#�2�2�M �i�`���B�M�2�/ �r�B�i�? �2�t���K�T�H�2�b �/�2�b�+�`�B�#�B�M�;
�*�P�J�1�h�k�k �p���`�B���i�B�Q�M�b �2�p���H�m���i�2�/ �#���b�2�/ �Q�M �i�?�2 �b�T�Q�`�i �/�Q�K���B�M �i�2�b�i �b�2�i�X �6�Q�` �B�M�b�i���M�+�2�- �7�Q�`�w�M�M�-
�i�?�B�b ���T�T�`�Q���+�? �`�2�[�m�B�`�2�b �?���p�B�M�;�J � n �6�A�S�b�X �>���p�B�M�; �K�Q�`�2 �6�A�S�b �r�B�H�H �#�2 �K�Q�`�2 �2�t�T�2�M�b�B�p�2
�U�K�Q�`�2 �K�Q�/�2�H�b �i�Q �i�`���B�M�V�- �#�m�i ���b �i�?�2 �6�A�S�b ���`�2 �i���B�H�Q�`�2�/ �i�Q �2���+�? �/�Q�K���B�M�- �i�?�2�v ���`�2 �2�t�T�2�+�i�2�/ �i�Q
���i�i���B�M �?�B�;�?�2�` �T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v�X

�:�2�M�2�`�B�+ �6�A�S�b�X�h�?�2�b�2 ���`�2 �K�Q�`�2 ���K�#�B�i�B�Q�m�b �T�`�2�/�B�+�i�Q�`�b �i�?���i�- �m�M�H�B�F�2 �i�?�2 �b�T�2�+�B�}�+ �6�A�S�b�- ���`�2
�/�Q�K���B�M�@���;�M�Q�b�i�B�+ ���M�/ �+���M �#�2 �[�m�2�`�B�2�/ �i�Q �T�`�2�/�B�+�i �i�?�2 �[�m���H�B�i�v �~�m�+�i�m���i�B�Q�M�b �Q�7 ���M �J�h �K�Q�/�2�H �r�B�i�?
�`�2�b�T�2�+�i �i�Q ���M���`�#�B�i� �̀��`�v�/�Q�K���B�M�- �B�M�+�H�m�/�B�M�; �/�Q�K���B�M�b �M�Q�i �b�2�2�M �B�M �i�?�2 �i�`���B�M�B�M�; �T�?���b�2�X �a�B�K�B�H���`�H�v
�i�Q �i�?�2 �/�Q�K���B�M�@�b�T�2�+�B�}�+ �6�A�S�b�- �r�2 �`�2�[�m�B�`�2 �� �;�2�M�2�`�B�+ �6�A�S �7�Q�` �2���+�? �K�2�i�`�B�+m 2 �J �X �:�2�M�2�`�B�+
�6�A�S�b �2�t�T�H�Q�B�i �i�?�2 �7���+�i �i�?���i �#�Q�i�? �i�?�2 �+�Q�M�i�2�M�i�@���r���`�2 ���M�/ �i�?�2 �J�h�@�[�m���H�B�i�v �7�2���i�m�`�2�b �2�M�+�Q�/�2
�B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2 �/�Q�K���B�M �i�2�b�i �b�2�i�- �r�?�B�+�? �+���M �#�2 �2�t�T�H�Q�B�i�2�/ �#�v �� �6�A�S �i�Q �H�2���`�M �?�Q�r �i�Q
���/�D�m�b�i �B�i�b �T�`�2�/�B�+�i�B�Q�M�b �i�Q �i�?�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �i�?�2 �i���`�;�2�i �i�2�b�i �b�2�i�X �A�M �7���+�i�- �i�?�2 �+�Q�M�i�2�M�i�@���r���`�2
�7�2���i�m�`�2�b �/�2�b�+�`�B�#�2 �/���i�� �b�?�B�7�i�b �#�2�i�r�2�2�M �i�?�2 �M�2�r�@�/���i�� �b�2�i ���M�/ �i�?�2 �/�Q�K���B�M �i�2�b�i �b�2�i�- ���M�/ �i�?�2
�J�h�@�[�m���H�B�i�v �7�2���i�m�`�2�b �[�m���M�i�B�7�v �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �J�h �K�Q�/�2�H �7�Q�` �i�?�2 �/�Q�K���B�M �i�2�b�i �b�2�i�X
�q�2 �H�2�p�2�`���;�2 �i�?�2�b�2 �Q�#�b�2�`�p���i�B�Q�M�b ���M�/ �i�`���B�M �;�2�M�2�`�B�+ �6�A�S�b �#�v �m�b�B�M�; �� �i�`���B�M�B�M�; �b�2�i �Q�#�i���B�M�2�/ �#�v
�b�B�K�T�H�v �K�2�`�;�B�M�; �i�?�2 �i�`���B�M�B�M�; �b�2�i�b �Q�7 �i�?�2 �p���`�B�Q�m�b �/�Q�K���B�M�@�b�T�2�+�B�}�+ �6�A�S�b�X �h�?�B�b �r���v�- �/�m�`�B�M�;
�i�`���B�M�B�M�;�- �r�2 �2�t�T�Q�b�2 �i�?�2 �;�2�M�2�`�B�+ �6�A�S �i�Q �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �?�Q�r �i�?�2 �[�m���H�B�i�v �Q�7 �� �J�h �K�Q�/�2�H
�p���`�B�2�b ���+�`�Q�b�b �/�B�z�2�`�2�M�i �/�Q�K���B�M �i�2�b�i�@�b�2�i�b�- �r�B�i�? �i�?�2 �Q�#�D�2�+�i�B�p�2 �Q�7 �2�M���#�H�B�M�; �i�?�2 �`�2�b�m�H�i�B�M�; �6�A�S �i�Q
�;�2�M�2�`���H�B�x�2 �B�i�b �T�`�2�/�B�+�i�B�Q�M�b �i�Q ���`�#�B�i�`���`�v �/�Q�K���B�M �i�2�b�i�@�b�2�i�b

�q�2 �2�p���H�m���i�2�6�H�2�t�B�+�Q�r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�b�2���`�+�? �[�m�2�b�i�B�Q�M�b�,

�_�Z�R�>�Q�r ���+�+�m�`���i�2�H�v �+���M �6�A�S�b �T�`�2�/�B�+�i �i�?�2 �#�2�M�2�}�i�b �Q�7 �}�M�2�@�i�m�M�B�M�;�\

�_�Z�k �q�?���i �7�2���i�m�`�2�b �H�2���/ �i�Q �?�B�;�?�2�` �6�A�S �T�`�2�/�B�+�i�B�p�2 �[�m���H�B�i�v ���M�/ �?�Q�r �2�t�T�2�M�b�B�p�2 �B�b �B�i �i�Q �i�`���B�M
���M�/ �[�m�2�`�v �i�?�2�K�\

�_�Z�j �*���M �i�?�2 �6�A�S�b �;�2�M�2�`���H�B�x�2 ���+�`�Q�b�b �/�Q�K���B�M�b�\

�_�Z�9 �q�?���i �m�i�B�H�B�i�v �B�K�T�`�Q�p�2�K�2�M�i�b �/�Q�2�b�6�H�2�t�B�+�Q�v�B�2�H�/�\

�l�b�2 �+���b�2�b

�q�2 �+�Q�M�b�B�/�2�` �i�r�Q �m�b�2 �+���b�2�b ���+�+�Q�m�M�i�B�M�; �7�Q�` �/�B�z�2�`�2�M�i �H���M�;�m���;�2�b �T���B�`�b ���M�/ �/���i�� �i�v�T�2�b�f�+�Q�M�i�2�M�i�b�X
�6�Q�` �#�Q�i�? �m�b�2 �+���b�2�b�- �i�?�2 �J�h �K�Q�/�2�H �B�b �2�p���H�m���i�2�/ �Q�M �}�t�2�/ �i�2�b�i �b�2�i�b�X

�1�M�;�H�B�b�?�@�*�?�B�M�2�b�2 �U�1�M�@�w�?�V�X�h�?�B�b �m�b�2 �+���b�2�- �B�M�b�T�B�`�2�/ �#�v�w�M�M�- �m�b�2�b �i�?�2 �P�T�m�b�J�h �K�Q�/�2�H �(�N�-
�R�d�k�) ���p���B�H���#�H�2 �i�?�`�Q�m�;�? �>�m�;�;�B�M�;�6���+�2 ���M�/ �G�.�*�ö�b �õ�>�Q�M�; �E�Q�M�; �L�2�r�b �S���`���H�H�2�H �h�2�t�i�ö �(�R�R�k�)�-
�r�?�B�+�? �+�Q�M�i���B�M�b �M�2�r�b �/���i�� �7�`�Q�K �R�N�N�d �i�Q �k�y�y�y�X �h�Q �+�`�2���i�2 �i�?�2 �}�t�2�/ �i�2�b�i �b�2�i�b�- �r�2 �m�b�2�/ �+�?���i�@
�:�S�h �(�R�j�k�) �i�Q ���b�b�B�;�M �/�Q�K���B�M�b�- �r�?�B�+�? ���`�2 �M�Q�i �T�`�2�b�2�M�i �B�M �i�?�2 �Q�`�B�;�B�M���H �/���i���b�2�i�- �i�Q �2���+�? �M�2�r�b
���`�i�B�+�H�2 ���b �7�Q�H�H�Q�r�b�X �h�Q �#�Q�m�M�/ �i�?�2 �Q�m�i�T�m�i �Q�7 �+�?���i�@�:�S�h�- �r�2 �+�`�2���i�2�/ �� �H�B�b�i �Q�7 �M�2�r�b �/�Q�K���B�M�b
�i�?���i �r���b �T���b�b�2�/ �i�Q �+�?���i�@�:�S�h�,�T�Q�H�B�i�B�+�b�- �#�m�b�B�M�2�b�b �� �2�+�Q�M�Q�K�v�- �i�2�+�?�M�Q�H�Q�;�v�- �b�+�B�2�M�+�2�-
�?�2���H�i�? �� �r�2�H�H�M�2�b�b�- �2�M�p�B�`�Q�M�K�2�M�i�- �2�M�i�2�`�i���B�M�K�2�M�i�- �b�T�Q�`�i�b�- �+�m�H�i�m�`�2 �� �2�/�m�+���i�B�Q�M�-
�b�Q�+�B���H �B�b�b�m�2�b�-�i�`���p�2�H �� �i�Q�m�`�B�b�K�-�7���b�?�B�Q�M �� �H�B�7�2�b�i�v�H�2�-�Q�T�B�M�B�Q�M �� �2�/�B�i�Q�`�B���H�-�H���r
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