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Abstract

Advances with language models, systems that predict upcoming words in context, have en-
abled an era in which people sometimes cannot distinguish between human-written and
artificially created text. Perplexity, the simplest and most popular way to evaluate the qual-
ity of a language model, rewards any pattern captured by the system as long as it robustly
constrains the upcoming possibilities. By capturing patterns that humans do not use, op-
timizing a language model for minimal perplexity could trigger a divergence between the
most probable text and the most human-like text.
In this thesis, I argue that this divergence has happened for state-of-the-art languagemodels.
Part I characterizes the kinds of knowledge captured by language models. First, I present
three novel language model architectures whose neural connections were inspired by hu-
man behavior. Then, I discuss novel morphology- and sentiment-based paradigms that
capture human knowledge quantitatively. Part II establishes several methods for evaluating
language models by comparison against human behavior measures. I consider the suitabil-
ity and potential confounds for offline ratings and two paradigms of online reading times:
eye-tracking and G-Maze. Then, I use a novel dataset of G-Maze response times to show
computational and linguistic evidence of the divergence.



Kurzzusammenfassung

Fortschritte bei Sprachmodellen (LMs) - Systeme, die aus demKontext heraus nachfolgende
Worte vorhersagen - haben dazu geführt, dass Menschen manchmal nicht mehr zwischen
von Menschen geschriebenem und künstlich erzeugtem Text unterscheiden können. Per-
plexität (PPL), die einfachste und beliebtesteMethode zur Bewertung derQualität eines LM,
belohnt jedes vom System erfasste Muster, solange es die kommenden Möglichkeiten stark
einschränkt. Durch die Erfassung von Mustern, die Menschen nicht verwenden, könnte
die Optimierung eines LM hinsichtlich minimaler PPL zu einer Divergenz zwischen dem
wahrscheinlichsten Text und dem menschenähnlichsten Text führen.
In dieser Arbeit wird argumentiert, dass diese Divergenz bei modernen LMs aufgetreten ist.
Teil I charakterisiert die Arten von Wissen, die von LMs erfasst werden. Zuerst werden drei
neue LM-Architekturen beschreiben, deren neuronale Verbindungen von menschlichem
Verhalten inspiriertwurden. Danachwerdenneuartigemorphologie- und sentiment-basierte
Paradigmen diskutiert, die menschliches Verhalten quantitativ erfassen. In Teil II wer-
den mehrere Methoden entwickelt, die LMs durch Vergleich mit menschlichen Verhaltens-
maßen bewerten. Diskutiert werden die Eignung und mögliche Störfaktoren für Offline-
Bewertungen und zwei Paradigmen vonOnline-Lesezeiten: Eye-Tracking undG-Maze. Ein
neuartiger Datensatz der G-Maze-Antwortzeiten wird dazu verwendet, um rechnerische
und sprachliche Beweise für die Divergenz zu liefern.
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������ �)�J�T�U�P�H�S�B�N�T �P�G �U�I�F �Q�S�P�K�F�D�U�J�P�O���U�P���I�J�E�E�F�O �X�F�J�H�I�U�TV1�
V2�
V3�
 �B�O�EV4 �	�T�F�F �'�J�H��
�V�S�F �������
 �G�P�S �F�B�D�I �P�G �U�I�F �� �X�P�S�E �Q�P�T�J�U�J�P�O�T �P�G �B�O �4�3�/�/ �	n = 5�
 �U�S�B�J�O�F�E �P�O
�-�5�$�#�� ���F�T�F �I�J�T�U�P�H�S�B�N�T �T�I�P�X �U�I�B�U �U�I�F �N�B�H�O�J�U�V�E�F �P�G �U�I�F �X�F�J�H�I�U�T �E�F�D�B�Z�T �X�J�U�I
�U�I�F �X�P�S�E �Q�P�T�J�U�J�P�O �	�G�S�P�Nt � 1 �U�Pt � 4�
 �C�V�U �E�P�F�T �O�P�U �O�V�M�M�J�G�Z�� ���V�T�
 �U�I�F �N�P�E�F�M
�T�V�D�D�F�T�T�G�V�M�M�Z �D�B�Q�U�V�S�F�E �T�P�N�F �H�P�P�E �T�I�P�S�U���S�B�O�H�F �E�F�Q�F�O�E�F�O�D�J�F�T���� �� �� �� �� �� �� �� ������

������ �4�F�R�V�F�O�U�J�B�M �3�F�D�V�S�S�F�O�U �/�F�V�S�B�M �/�F�U�X�P�S�L �B�S�D�I�J�U�F�D�U�V�S�F�� ���F �S�F�E �B�S�S�P�X�T �T�I�P�X
�U�I�F �F�S�S�P�S �Q�S�P�Q�B�H�B�U�J�P�O �E�V�S�J�O�H �U�S�B�J�O�J�O�H �	�U�I�J�T ���H�V�S�F �E�P�F�T �O�P�U �J�O�D�M�V�E�F �#�1�5�5�
���� ����

������ �#�M�P�D�L �E�J�B�H�S�B�N �P�G �B �S�F�D�V�S�S�F�O�U �O�P�E�F �J�O �B�O �-�4�5�. �O�F�U�X�P�S�L���� �� �� �� �� �� �� �� �� ������

������ �#�M�P�D�L �E�J�B�H�S�B�N �P�G �B �S�F�D�V�S�S�F�O�U �O�P�E�F �J�O �B�O �-�4�3�$ �O�F�U�X�P�S�L���� �� �� �� �� �� �� �� �� �� ������

������ �5�F�N�Q�P�S�B�M �D�P�S�S�F�M�B�U�J�P�O �P�G �-�4�3�$ �T�U�B�U�F�T �J�O �D�P�N�Q�B�S�J�T�P�O �U�P �-�4�5�. �B�O�E �3�/�/���� �� ����

������ �1�F�S�Q�M�F�Y�J�U�Z �P�G �O�F�V�S�B�M �-�.�T �W�F�S�T�V�T �I�J�E�E�F�O �M�B�Z�F�S �T�J�[�F �P�O �1�5�#���� �� �� �� �� �� �� �� �� ������

������ �7�B�S�J�B�U�J�P�O �P�G �S�B�S�F���X�P�S�E �Q�F�S�Q�M�F�Y�J�U�Z �W�F�S�T�V�T �U�I�S�F�T�I�P�M�E �P�O �G�S�F�R�V�F�O�D�Z �P�G �U�S�B�J�O�J�O�H��
�T�F�U �X�P�S�E�T �P�O �(�F�S�N�B�O�
 �5�B�H�B�M�P�H�
 �5�V�S�L�J�T�I �B�O�E �7�J�F�U�O�B�N�F�T�F �D�P�S�Q�P�S�B�� �� �� �� �� ������

������ �$�P�S�Q�V�T �B�O�E �X�P�S�E �T�J�N�J�M�B�S�J�U�Z �U�F�T�U �T�F�U �W�P�D�B�C�V�M�B�S�J�F�T �C�S�P�L�F�O �E�P�X�O �C�Z �O�V�N�C�F�S
�P�G �P�D�D�V�S�S�F�O�D�F�T �J�O �U�I�F �U�F�Y�U�� �D�P�S�Q�V�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �4�Q�F�B�S�N�B�O� � 100�P�O �U�I�F �-�V�P�O�H�
 �4�P�D�I�F�S�
 �B�O�E �.�B�O�O�J�O�H �	���������
 �T�J�N�J�M�B�S�J�U�Z
�U�B�T�L �W�F�S�T�V�T �U�I�F �N�J�O�J�N�V�N �P�D�D�V�S�S�F�O�D�F�T �J�O�D�M�V�E�F�E �E�V�S�J�O�H�r�Q�`�/�k�p�2�+�U�S�B�J�O�J�O�H������



�Y�J�W �-�J�T�U �P�G �'�J�H�V�S�F�T

������ �*�M�M�V�T�U�S�B�U�J�P�O �P�G �X�P�S�E���T�J�N�J�M�B�S�J�U�Z �H�S�B�Q�I �B�T �V�T�F�E �G�P�S �X�F�B�L�M�Z���T�V�Q�F�S�W�J�T�F�E �C�B�T�F�M�J�O�F
�	�8�4�6�1�
�� �T�F�F�E�T �G�P�S �B�C�V�T�J�W�F �X�P�S�E�T �	�F���H���C�J�U�D�I�
 �B�S�F �P�C�U�B�J�O�F�E �C�Z �U�I�F �P�V�U�Q�V�U �P�G
�G�F�B�U�V�S�F �1�"�5 �	�4�F�D�U�J�P�O �����������
�� �T�F�F�E�T �G�P�S �O�P�O���B�C�V�T�J�W�F �X�P�S�E�T �	�F���H���E�J�T�B�H�S�F�F�
 �B�S�F
�I�J�H�I���G�S�F�R�V�F�O�D�Z �O�F�H�B�U�J�W�F �Q�P�M�B�S �F�Y�Q�S�F�T�T�J�P�O�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �	�-�F���
 �)�V�N�B�O �+�V�E�H�F�N�F�O�U �4�D�P�S�F �W�F�S�T�V�T �5�P�Q �� �1�F�S�D�F�O�U�B�H�F�
 �"�E�K�V�T�U�F�ER2�� ������������
�	�3�J�H�I�U�
 �)�V�N�B�O �+�V�E�H�F�N�F�O�U �4�D�P�S�F �W�F�S�T�V�T �.�F�B�O �3�B�O�L�
 �"�E�K�V�T�U�F�ER2�� �������������� ����

������ �)�V�N�B�O �+�V�E�H�F�N�F�O�U �4�D�P�S�F �W�F�S�T�V�T �1�F�S�Q�M�F�Y�J�U�Z�
 �"�E�K�V�T�U�F�ER2�� �������������� �� �� �� �� �� ������

������ �4�D�B�U�U�F�S �Q�M�P�U �P�G �U�I�F �B�W�F�S�B�H�F���T�V�S�Q�S�J�T�B�M �U�P �X�P�S�E���M�F�O�H�U�I �4�Q�F�B�S�N�B�O �D�P�S�S�F�M�B�U�J�P�O�T
�W�F�S�T�V�T �Q�F�S�Q�M�F�Y�J�U�Z �G�P�S �T�F�W�F�S�B�M �M�B�O�H�V�B�H�F �N�P�E�F�M�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �"�W�F�S�B�H�F���T�V�S�Q�S�J�T�B�M �U�P �X�P�S�E���M�F�O�H�U�I �4�Q�F�B�S�N�B�O �D�P�S�S�F�M�B�U�J�P�O�T �G�P�S �U�I�S�F�F �D�M�B�T�T�F�T �P�G
�M�B�O�H�V�B�H�F �N�P�E�F�M�T �B�T �D�P�S�Q�V�T �T�J�[�F �H�S�P�X�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �"�W�F�S�B�H�F���T�V�S�Q�S�J�T�B�M �U�P �X�P�S�E���M�F�O�H�U�I �4�Q�F�B�S�N�B�O �D�P�S�S�F�M�B�U�J�P�O�T �G�P�S �U�I�S�F�F �D�M�B�T�T�F�T �P�G
�M�B�O�H�V�B�H�F �N�P�E�F�M�T �B�T �D�P�S�Q�V�T �T�J�[�F �H�S�P�X�T�
 �M�J�N�J�U�F�E �U�P �U�I�F �U�P�Q ���
������ �N�P�T�U �G�S�F�R�V�F�O�U
�X�P�S�E�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �4�Q�F�B�S�N�B�O �D�P�S�S�F�M�B�U�J�P�O�T �C�F�U�X�F�F�O �T�V�S�Q�S�J�T�B�M �B�O�E �U�Z�Q�F �M�F�O�H�U�I �G�P�S �U�I�S�F�F �G�B�N�J�M�J�F�T
�P�G �(�1�5 �M�B�O�H�V�B�H�F �N�P�E�F�M�T �B�T �D�P�S�Q�V�T �T�J�[�F �H�S�P�X�T�� ���F �E�P�U�U�F�E �D�V�S�W�F�T �D�P�S�S�F�T�Q�P�O�E
�U�P �U�I�F �i�T�N�B�M�M�w �T�J�[�F �N�P�E�F�M�T �B�O�E �U�I�F �T�P�M�J�E �D�V�S�W�F�T �D�P�S�S�F�T�Q�P�O�E �U�P �U�I�F �i�M�B�S�H�F�w �T�J�[�F
�N�P�E�F�M�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �1�F�S�D�F�O�U �P�G �W�B�S�J�B�O�D�F �F�Y�Q�M�B�J�O�F�E �C�Z �F�B�D�I �Q�S�F�E�J�D�U�P�S �G�P�S �M�J�O�F�B�S �N�P�E�F�M�T �P�G �X�P�S�E
�M�F�O�H�U�I �U�S�B�J�O�F�E �P�O �U�I�F �8�J�L�J�5�F�Y�U�������� �U�S�B�J�O �T�F�U ���� �N�J�M�M�J�P�O �U�P�L�F�O�T �	�����.�
���� �� �� ����

������ �1�F�S�D�F�O�U �P�G �W�B�S�J�B�O�D�F �J�O �-�. �T�V�S�Q�S�J�T�B�M�T �F�Y�Q�M�B�J�O�F�E �C�Z �F�B�D�I �C�B�T�F�M�J�O�F �Q�S�F�E�J�D�U�P�S
�G�P�S �M�J�O�F�B�S �N�P�E�F�M�T �U�S�B�J�O�F�E �P�O �U�I�F �8�J�L�J�5�F�Y�U�������� �U�S�B�J�O �T�F�U ���� �N�J�M�M�J�P�O �U�P�L�F�O�T
�	�����.�
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �1�S�P�W�P �F�Y�B�N�Q�M�F �U�F�Y�U�T�� �#�M�V�F �o �'�'�%�
 �0�S�B�O�H�F �o �'�1�3�5�
 �(�S�F�F�O �o �5�'�5���� �� �� �� �� ��������

������ �1�4�$ �F�Y�B�N�Q�M�F �U�F�Y�U�T�� �#�M�V�F �o �'�'�%�
 �0�S�B�O�H�F �o �'�1�3�5�
 �(�S�F�F�O �o �5�'�5���� �� �� �� �� �� ��������

������ �&�Y�B�N�Q�M�F �U�S�J�B�M �T�U�S�V�D�U�V�S�F �P�G �(���.�B�[�F �U�B�T�L�� �4�F�O�U�F�O�D�F�T �B�S�F �Q�S�F�T�F�O�U�F�E �X�P�S�E �C�Z
�X�P�S�E �B�T �B �T�F�R�V�F�O�D�F �P�G �G�P�S�D�F�E �D�I�P�J�D�F�T �C�F�U�X�F�F�O �U�X�P �B�M�U�F�S�O�B�U�J�W�F�T�
 �P�O�M�Z �P�O�F �P�G
�X�I�J�D�I �D�P�O�U�J�O�V�F�T �U�I�F �T�F�O�U�F�O�D�F �H�S�B�N�N�B�U�J�D�B�M�M�Z���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������

������ �$�P�F���D�J�F�O�U�T �G�P�S �M�J�O�F�B�S �N�J�Y�F�E �F���F�D�U�T �N�P�E�F�M�T �P�G �5�'�5�T �J�O �U�I�F �1�S�P�W�P �D�P�S�Q�V�T
�	�V�Q�Q�F�S�
 �B�O�E �U�I�F �;�V�$�P �D�P�S�Q�V�T �	�M�P�X�F�S�
���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������

������ �$�P�F���D�J�F�O�U�T �G�P�S �M�J�O�F�B�S �N�J�Y�F�E �F���F�D�U�T �N�P�E�F�M�T �P�G �5�'�5�T �J�O �U�I�F �1�4�$ �D�P�S�Q�V�T �	�V�Q��
�Q�F�S�
 �B�O�E �U�I�F �&�O�H�M�J�T�I �(���.�B�[�F �D�P�S�Q�V�T �	�M�P�X�F�S�
���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������

������ �" �D�P�N�Q�B�S�J�T�P�O �P�G �U�I�F �Q�F�S�D�F�O�U �P�G �W�B�S�J�B�O�D�F �U�I�B�U �F�B�D�I �Q�S�F�E�J�D�U�P�S �F�Y�Q�M�B�J�O�T �G�P�S
�N�P�E�F�M�T �P�G �'�'�% �	�V�Q�Q�F�S�
 �B�O�E �'�1�3�5 �	�M�P�X�F�S�
�� ���F �M�B�O�H�V�B�H�F �N�P�E�F�M �B�Q�Q�F�B�S�T �J�O
�C�S�P�X�O �B�O�E �U�I�F �S�B�O�E�P�N �W�B�S�J�B�U�J�P�O �J�O �U�I�F �Q�B�S�U�J�D�J�Q�B�O�U�T �B�Q�Q�F�B�S�T �J�O �H�S�F�Z���� �� �� ��������



�Y�W

������ �" �D�P�N�Q�B�S�J�T�P�O �P�G �U�I�F �Q�F�S�D�F�O�U �P�G �W�B�S�J�B�O�D�F �U�I�B�U �F�B�D�I �Q�S�F�E�J�D�U�P�S �F�Y�Q�M�B�J�O�T �G�P�S
�N�P�E�F�M�T �P�G �5�'�5 �	�V�Q�Q�F�S�
 �B�O�E �(���.�B�[�F �S�F�T�Q�P�O�T�F �U�J�N�F �	�M�P�X�F�S�
�� ���F �M�B�O�H�V�B�H�F
�N�P�E�F�M �B�Q�Q�F�B�S�T �J�O �C�S�P�X�O �B�O�E �U�I�F �S�B�O�E�P�N �W�B�S�J�B�U�J�P�O �J�O �U�I�F �Q�B�S�U�J�D�J�Q�B�O�U�T �B�Q��
�Q�F�B�S�T �J�O �H�S�F�Z���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������

������ �4�D�B�U�U�F�S�Q�M�P�U�T �P�G �Q�T�Z�D�I�P�N�F�U�S�J�D �Q�S�F�E�J�D�U�J�W�F �Q�P�X�F�S �W�F�S�T�V�T �Q�F�S�Q�M�F�Y�J�U�Z�� ���F �S�J�H�I�U
�Q�B�O�F�M�T �D�P�S�S�F�T�Q�P�O�E �U�P �M�J�O�F�B�S �N�J�Y�F�E �F���F�D�U�T �N�P�E�F�M�T �U�I�B�U �J�O�D�P�S�Q�P�S�B�U�F �D�B�U�F�H�P�S�J��
�D�B�M �Q�S�F�E�J�D�U�P�S�T �B�O�E �J�O�U�F�S�B�D�U�J�P�O�T �G�P�S �Q�B�S�U �P�G �T�Q�F�F�D�I�� ���F �M�F�� �Q�B�O�F�M�T �D�P�S�S�F�T�Q�P�O�E
�U�P �M�J�O�F�B�S �N�J�Y�F�E �F���F�D�U�T �N�P�E�F�M�T �U�I�B�U �E�P �O�P�U�� ���F �U�P�Q �Q�B�O�F�M�T �B�S�F �G�P�S �U�I�F �1�S�P�W�P
�D�P�S�Q�V�T �B�O�E �U�I�F �C�P�U�U�P�N �Q�B�O�F�M�T �B�S�F �G�P�S �U�I�F �;�V�$�P �D�P�S�Q�V�T���� �� �� �� �� �� �� �� �� �� ��������
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�Q�B�O�F�M�T �D�P�S�S�F�T�Q�P�O�E �U�P �M�J�O�F�B�S �N�J�Y�F�E �F���F�D�U�T �N�P�E�F�M�T �U�I�B�U �J�O�D�P�S�Q�P�S�B�U�F �D�B�U�F�H�P�S�J��
�D�B�M �Q�S�F�E�J�D�U�P�S�T �B�O�E �J�O�U�F�S�B�D�U�J�P�O�T �G�P�S �Q�B�S�U �P�G �T�Q�F�F�D�I�� ���F �M�F�� �Q�B�O�F�M�T �D�P�S�S�F�T�Q�P�O�E
�U�P �M�J�O�F�B�S �N�J�Y�F�E �F���F�D�U�T �N�P�E�F�M�T �U�I�B�U �E�P �O�P�U�� ���F �U�P�Q �Q�B�O�F�M�T �B�S�F �G�P�S �U�I�F �1�4�$
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�������� �$�P�F���D�J�F�O�U�T �G�P�S �M�J�O�F�B�S �N�J�Y�F�E �F���F�D�U�T �N�P�E�F�M�T �P�G �(���.�B�[�F �S�F�T�Q�P�O�T�F �U�J�N�F�T �J�O �U�I�F
�(�F�S�N�B�O �(���.�B�[�F �D�P�S�Q�V�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������

�������� �" �D�P�N�Q�B�S�J�T�P�O �P�G �U�I�F �Q�F�S�D�F�O�U �P�G �W�B�S�J�B�O�D�F �U�I�B�U �F�B�D�I �Q�S�F�E�J�D�U�P�S �F�Y�Q�M�B�J�O�T �G�P�S
�N�P�E�F�M�T �P�G �(���.�B�[�F �S�F�T�Q�P�O�T�F �U�J�N�F�� ���F �M�B�O�H�V�B�H�F �N�P�E�F�M �B�Q�Q�F�B�S�T �J�O �C�S�P�X�O
�B�O�E �U�I�F �S�B�O�E�P�N �W�B�S�J�B�U�J�P�O �J�O �U�I�F �Q�B�S�U�J�D�J�Q�B�O�U�T �B�Q�Q�F�B�S�T �J�O �H�S�F�Z���� �� �� �� �� �� �� ��������

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

�������� �$�P�F���D�J�F�O�U�T �G�P�S �M�J�O�F�B�S �N�J�Y�F�E �F���F�D�U�T �N�P�E�F�M�T �P�G �(���.�B�[�F �S�F�T�Q�P�O�T�F �U�J�N�F�T �J�O �U�I�F
�(�F�S�N�B�O �(���.�B�[�F �D�P�S�Q�V�T �	�4�D�S�B�U�D�I�#�&�3�5�
���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������
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�.�B�[�F �E�B�U�B�T�F�U �B�O�E �U�I�F �S�J�H�I�U �Q�B�O�F�M �H�J�W�F�T �U�I�F �S�F�T�V�M�U�T �G�P�S �U�I�F �(�F�S�N�B�O �(���.�B�[�F
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�������� �4�D�B�U�U�F�S �Q�M�P�U �G�P�S �U�I�F �O�V�N�C�F�S �P�G �U�F�T�U�T �Q�B�T�T�F�E �W�F�S�T�V�T �Q�F�S�Q�M�F�Y�J�U�Z �G�P�S �U�I�F ���� �F�Y��
�B�N�J�O�F�E �M�B�O�H�V�B�H�F �N�P�E�F�M�T�� ���F �Q�F�S�Q�M�F�Y�J�U�Z �B�Y�J�T �J�T �P�O �B �M�P�H �T�D�B�M�F���� �� �� �� �� �� ��������

�������� �4�D�B�U�U�F�S �Q�M�P�U �G�P�S �U�I�F �O�V�N�C�F�S �P�G �U�F�T�U�T �Q�B�T�T�F�E �W�F�S�T�V�T �Q�F�S�Q�M�F�Y�J�U�Z �G�P�S �U�I�F �D�I�F�D�L��
�Q�P�J�O�U�T �P�G �U�I�F �#�&�3�5 �N�P�E�F�M �U�I�B�U �* �U�S�B�J�O�F�E �G�S�P�N �T�D�S�B�U�D�I�� ���F �Q�F�S�Q�M�F�Y�J�U�Z �B�Y�J�T �J�T
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 �U�I�F �N�J�E�E�M�F �Q�B�O�F�M �J�T �U�I�F �Q�S�F�E�J�D�U�F�E
�W�B�M�V�F�T �G�S�P�N �U�I�F �C�B�T�F�M�J�O�F �M�J�O�F�B�S �N�J�Y�F�E �F���F�D�U�T �N�P�E�F�M�
 �B�O�E �U�I�F �C�P�U�U�P�N �Q�B�O�F�M
�J�T �U�I�F �S�F�T�J�E�V�B�M�T �G�S�P�N �U�I�F �C�B�T�F�M�J�O�F �M�J�O�F�B�S �N�J�Y�F�E �F���F�D�U�T �N�P�E�F�M���� �� �� �� �� �� �� ��������

�������� �1�M�P�U�T �P�G �B�E�K�V�T�U�F�E�
 �C�Z���S�F�H�J�P�O�
 �Q�S�F�E�J�D�U�F�E �(���.�B�[�F �S�F�T�Q�P�O�T�F �U�J�N�F�T �G�P�S �U�I�F �(�1�5����
�4�. �N�P�E�F�M�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������
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 �C�Z���S�F�H�J�P�O�
 �Q�S�F�E�J�D�U�F�E �(���.�B�[�F �S�F�T�Q�P�O�T�F �U�J�N�F�T �G�P�S �U�I�F �Q�S�F��
�U�S�B�J�O�F�E �#�&�3�5 �N�P�E�F�M�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������
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 �C�Z���S�F�H�J�P�O�
 �Q�S�F�E�J�D�U�F�E �(���.�B�[�F �S�F�T�Q�P�O�T�F �U�J�N�F�T �G�P�S �U�I�F �#�&�3�5
�N�P�E�F�M�T �U�S�B�J�O�F�E �G�S�P�N �T�D�S�B�U�D�I���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������
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������ �5�F�T�U �T�F�U �Q�F�S�Q�M�F�Y�J�U�Z �	�1�1�-�
 �B�O�E �U�P�U�B�M �O�V�N�C�F�S �P�G �Q�B�S�B�N�F�U�F�S�T �	�1�"�3�
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 �P�O �U�I�F �-�5�$�# �U�F�T�U
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������ �4�P�N�F �T�U�B�U�J�T�U�J�D�T �P�O �X�P�S�E �T�J�N�J�M�B�S�J�U�Z �E�B�U�B�T�F�U�T �V�T�F�E �J�O �U�I�F �F�Y�Q�F�S�J�N�F�O�U�T���� �� �� �� ����
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�	�(�V�S�����
 �G�P�S �4�8�P�S�E�4�4 �F�N�C�F�E�E�J�O�H�T �V�T�J�O�H �W�B�S�J�P�V�T �T�U�S�J�O�H �T�J�N�J�M�B�S�J�U�Z �G�V�O�D�U�J�P�O�T������

������ �4�Q�F�B�S�N�B�O� � 100�F�W�B�M�V�B�U�J�P�O �P�G �U�F�D�I�O�J�R�V�F�T �X�J�U�I �B�O�E �X�J�U�I�P�V�U �N�P�S�Q�I�P�M�P�H�J�D�B�M
�G�F�B�U�V�S�F�T �V�T�F�E �U�P �H�F�O�F�S�B�U�F �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �G�P�S �U�I�F �X�P�S�E �T�J�N�J�M�B�S�J�U�Z �U�B�T�L���� �� �� �� ����

������ �4�U�B�U�J�T�U�J�D�B�M �T�V�N�N�B�S�Z �P�G �D�P�S�Q�P�S�B �V�T�F�E �G�P�S �U�I�F �M�B�O�H�V�B�H�F �N�P�E�F�M�J�O�H �F�Y�Q�F�S�J�N�F�O�U�T������

������ �1�F�S�Q�M�F�Y�J�U�J�F�T �P�O �U�F�T�U �T�F�U �	�1�1�-�
�
 �3�8�� �Q�F�S�Q�M�F�Y�J�U�J�F�T �	�3�8���1�1�-�
 �J�O �U�I�P�V�T�B�O�E�T �B�O�E
�O�V�N�C�F�S �P�G �Q�B�S�B�N�F�U�F�S�T �	�/�P�1�
 �G�P�S �-�#�- �B�O�E �-�4�5�. �-�.�T �J�O �N�J�M�M�J�P�O�T�
 �Q�S�F�T�F�O�U�F�E
�P�O �G�P�V�S �D�P�S�Q�P�S�B���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ ���F �C�B�T�F �M�F�Y�J�D�P�O�� �������� �F�O�U�S�J�F�T �J�O �U�P�U�B�M �P�G �X�I�J�D�I ������ �B�S�F �B�C�V�T�J�W�F���� �� �� �� �� �� ������

������ �*�O�G�P�S�N�B�U�J�P�O �B�C�P�V�U �V�O�M�B�C�F�M�F�E �D�P�S�Q�P�S�B �V�T�F�E���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �1�F�S�D�F�O�U�B�H�F �P�G �B�C�V�T�J�W�F �� �O�P�U �B�C�V�T�J�W�F �J�O�T�U�B�O�D�F�T �B�N�P�O�H �	�C�J�O�B�S�Z�
 �J�O�U�F�O�T�J�U�Z �B�O�E
�W�J�F�X�T�� �"�M�M �O�V�N�C�F�S�T �P�O�M�Z �S�F�G�F�S �U�P �U�I�F �T�V�C�T�F�U �P�G �U�I�F �C�B�T�F �M�F�Y�J�D�P�O �	�5�B�C�M�F �������

�U�B�L�F�O �G�S�P�N �U�I�F �4�V�C�K�F�D�U�J�W�J�U�Z �-�F�Y�J�D�P�O �	�J���F�� �������� �F�O�U�S�J�F�T�
���� �� �� �� �� �� �� �� �� �� ������



�Y�W�J�J�J �-�J�T�U �P�G �5�B�C�M�F�T

������ �����T�U�B�S �S�F�W�J�F�X�T �J�O �E�J���F�S�F�O�U �D�P�S�Q�P�S�B���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �$�P�N�Q�B�S�J�T�P�O �P�G �U�I�F ���� �N�P�T�U �G�S�F�R�V�F�O�U �Q�B�U�U�F�S�O �N�B�U�D�I�F�T �	�O�V�N�C�F�S�T �J�O �C�S�B�D�L�F�U�T
�J�O�E�J�D�B�U�F �G�S�F�R�V�F�O�D�Z�
���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �%�B�U�B�T�F�U�T �D�P�N�Q�S�J�T�J�O�H �M�B�C�F�M�F�E �N�J�D�S�P�Q�P�T�U�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �%�J���F�S�F�O�U �D�M�B�T�T�J���F�S�T �P�O �C�B�T�F �M�F�Y�J�D�P�O �	�5�B�C�M�F �������
�� �4�U�B�U�J�T�U�J�D�B�M �T�J�H�O�J���D�B�O�D�F �U�F�T�U��
�J�O�H �	�Q�B�J�S�F�Et���U�F�T�U �B�Up < 0:05�
��� �� �C�F�U�U�F�S �U�I�B�O �U�X�P �M�J�O�F�T �B�C�P�W�F�� �p�� �C�F�U�U�F�S �U�I�B�O
�Q�S�F�W�J�P�V�T �M�J�O�F���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �1�F�S�G�P�S�N�B�O�D�F �P�G �U�I�F �E�J���F�S�F�O�U �M�J�O�H�V�J�T�U�J�D �G�F�B�U�V�S�F�T �P�O �C�B�T�F �M�F�Y�J�D�P�O �	�5�B�C�M�F �������
��
�4�U�B�U�J�T�U�J�D�B�M �T�J�H�O�J���D�B�O�D�F �U�F�T�U�J�O�H �	�Q�B�J�S�F�Et���U�F�T�U �B�Up < 0:05�
��� �� �C�F�U�U�F�S �U�I�B�O �U�X�P
�M�J�O�F�T �B�C�P�W�F�� �p�� �C�F�U�U�F�S �U�I�B�O �Q�S�F�W�J�P�V�T �M�J�O�F���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �-�F�Y�J�D�B �V�T�F�E �J�O �D�S�P�T�T���E�P�N�B�J�O �D�M�B�T�T�J���D�B�U�J�P�O �P�G �N�J�D�S�P�Q�P�T�U�T �	���H�V�S�F�T �E�F�O�P�U�F �U�I�F
�O�V�N�C�F�S �P�G �V�O�J�H�S�B�N�T�
���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�������� �*�O���E�P�N�B�J�O �D�M�B�T�T�J���D�B�U�J�P�O �P�G �N�J�D�S�P�Q�P�T�U�T �	�N�F�U�S�J�D�� �'�����T�D�P�S�F�
�� �� �� �� �� �� �� �� �� �� ������

�������� �%�J���F�S�F�O�U �D�M�B�T�T�J���F�S�T �P�O�D�S�P�T�T���E�P�N�B�J�O�D�M�B�T�T�J���D�B�U�J�P�O �P�G �N�J�D�S�P�Q�P�T�U�T�� �C�F�T�U �S�F�T�V�M�U
�J�O �C�P�M�E �	�N�F�U�S�J�D�� �'�����T�D�P�S�F�
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�������� �$�S�P�T�T���E�P�N�B�J�O �D�M�B�T�T�J���D�B�U�J�P�O �P�G �N�J�D�S�P�Q�P�T�U�T���B�M�M�U�F�T�U �E�B�U�B �W�T���F�Y�Q�M�J�D�J�U�T�V�C�T�F�U
�	�N�F�U�S�J�D�� �'�����T�D�P�S�F�
�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �&�Y�B�N�Q�M�F �P�G �H�F�O�F�S�B�U�F�E �T�F�O�U�F�O�D�F�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �1�F�S�G�P�S�N�B�O�D�F �P�G �M�B�O�H�V�B�H�F �N�P�E�F�M�T �J�O �-�. �5�V�S�J�O�H �5�F�T�U�� �� �� �� �� �� �� �� �� �� �� �� ������

������ �$�P�N�Q�B�S�J�T�P�O �P�G �T�F�W�F�S�B�M �B�W�F�S�B�H�F���T�V�S�Q�S�J�T�B�M �U�P �X�P�S�E���M�F�O�H�U�I �4�Q�F�B�S�N�B�O �D�P�S�S�F�M�B��
�U�J�P�O�T �B�H�B�J�O�T�U �U�I�F �������. �G�S�F�R �U�P �X�P�S�E���M�F�O�H�U�I �4�Q�F�B�S�N�B�O �D�P�S�S�F�M�B�U�J�P�O���� �� �� �� ������

������ ���F�T�F �F�Y�Q�M�B�O�B�U�J�P�O�T �B�S�F �R�V�P�U�F�E �G�S�P�N �%�F�N�C�F�S�H �B�O�E �,�F�M�M�F�S �	���������
���� �� �� �� �� ��������

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

������ ���F�T�F �W�B�M�V�F�T �H�J�W�F �U�I�F �Q�P�T�J�U�J�W�F �E�J���F�S�F�O�D�F �C�F�U�X�F�F�O �U�I�F �i�C�F�T�U�w �M�J�O�F�B�S �N�J�Y�F�E
�F���F�D�U�T �N�P�E�F�M �B�O�E �U�I�F �i�X�P�S�T�U�w �G�P�S �E�J���F�S�F�O�U �G�B�N�J�M�J�F�T �P�G �(�1�5 �N�P�E�F�M�T �B�O�B�M�Z�[�J�O�H
�E�J���F�S�F�O�U �D�P�S�Q�P�S�B�� ���F �1�0�4 �D�P�M�V�N�O �D�P�S�S�F�T�Q�P�O�E�T �U�P �N�P�E�F�M�T �U�I�B�U �J�O�D�P�S�Q�P�S�B�U�F
�D�B�U�F�H�P�S�J�D�B�M �Q�S�F�E�J�D�U�P�S�T �B�O�E �J�O�U�F�S�B�D�U�J�P�O�T �G�P�S �Q�B�S�U �P�G �T�Q�F�F�D�I���� �� �� �� �� �� �� �� �� ��������

�������� �&�Y�B�N�Q�M�F �T�U�J�N�V�M�V�T �J�U�F�N �J�O �G�P�V�S �D�P�O�E�J�U�J�P�O�T �X�J�U�I �B�Q�Q�S�P�Y�J�N�B�U�F �&�O�H�M�J�T�I �U�S�B�O�T�M�B��
�U�J�P�O�T�� ���F �P�C�K�F�D�U �O�P�V�O�T �B�S�F �C�P�M�E�F�E �B�O�E �U�I�F �N�P�E�J���F�S �Q�I�S�B�T�F�T �B�S�F �V�O�E�F�S�M�J�O�F�E��

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

�������� �'�P�V�S �T�Q�F�D�J�B�M �D�I�B�S�B�D�U�F�S�T �J�O �(�F�S�N�B�O �B�O�E �U�I�F�J�S �S�F�Q�M�B�D�F�N�F�O�U�T �J�O �U�I�F �E�F�X�J�L�J �D�P�S��
�Q�V�T���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������

�������� �-�F�� �I�B�M�G �P�G �U�I�F �S�F�T�V�M�U�T �G�S�P�N �U�I�F �O�P�W�F�M �U�F�T�U �T�V�J�U�F �C�V�J�M�U �G�P�S �U�I�F �(�F�S�N�B�O �(���.�B�[�F
�D�P�S�Q�V�T�� ���F �T�Z�N�C�P�M�T �J�O �U�I�F �U�B�C�M�F �D�P�S�S�F�T�Q�P�O�E �U�P �T�J�H�O�J���D�B�O�D�F �M�F�W�F�M�T�� �9 �� �X�S�P�O�H
�E�J�S�F�D�U�J�P�O�
 �� ��p < 0:1�
 �� ��p < 0:05�
 ���� ��p < 0:01�
 ������ ��p < 0:001�� �� �� �� �� �� ��������



�Y�J�Y

�������� �3�J�H�I�U �I�B�M�G �P�G �U�I�F �S�F�T�V�M�U�T �G�S�P�N �U�I�F �O�P�W�F�M �U�F�T�U �T�V�J�U�F �C�V�J�M�U �G�P�S �U�I�F �(�F�S�N�B�O �(��
�.�B�[�F �D�P�S�Q�V�T�� ���F �T�Z�N�C�P�M�T �J�O �U�I�F �U�B�C�M�F �D�P�S�S�F�T�Q�P�O�E �U�P �T�J�H�O�J���D�B�O�D�F �M�F�W�F�M�T�� �9
�� �X�S�P�O�H �E�J�S�F�D�U�J�P�O�
 �� ��p < 0:1�
 �� ��p < 0:05�
 ���� ��p < 0:01�
 ������ ��p < 0:001���� �� ������
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�1�B�S�U �*

�$�I�B�S�B�D�U�F�S�J�[�J�O�H �L�O�P�X�M�F�E�H�F �J�O �M�B�O�H�V�B�H�F
�N�P�E�F�M�T





�$�I�B�Q�U�F�S ��

�*�O�U�S�P�E�V�D�U�J�P�O�� �M�B�O�H�V�B�H�F �N�P�E�F�M�T �B�T�T�J�H�O
�O�V�N�C�F�S�T �U�P �X�P�S�E�T

�0�O �/�P�W�F�N�C�F�S �����
 ���������
 �0�Q�F�O�"�* �S�F�M�F�B�T�F�E �B �D�I�B�U�C�P�U �D�B�M�M�F�E �$�I�B�U�(�1�5�
 �B�O�E �U�I�F �N�F�E�J�B �S�F�T�Q�P�O�T�F
�J�O �U�I�F �N�P�O�U�I�T �U�I�B�U �G�P�M�M�P�X�F�E�T�F�F�N�F�E�U�P �I�B�S�L�F�O �B �S�F�W�P�M�V�U�J�P�O �J�O �B�S�U�J���D�J�B�M �J�O�U�F�M�M�J�H�F�O�D�F�� �5�F�B�D�I�F�S�T
�X�P�S�S�J�F�E �U�I�F�Z �X�P�V�M�E �O�P�U �C�F �B�C�M�F �U�P �B�T�T�J�H�O �F�T�T�B�Z�T �G�P�S �I�P�N�F�X�P�S�L �B�O�Z�N�P�S�F �C�F�D�B�V�T�F �$�I�B�U�(�1�5
�D�P�V�M�E �X�S�J�U�F �U�I�F�N�� �8�P�S�L�F�S�T �X�I�P�T�F �X�P�S�L �J�O�W�P�M�W�F�T �T�V�C�T�U�B�O�U�J�B�M �X�S�J�U�J�O�H �S�F�B�D�I�F�E �B �O�F�X �M�F�W�F�M �P�G
�X�P�S�S�Z �B�C�P�V�U �U�I�F �T�F�D�V�S�J�U�Z �P�G �U�I�F�J�S �K�P�C�T�� �(�F�P���S�F�Z �)�J�O�U�P�O�
 �U�I�F �i�(�P�E�G�B�U�I�F�S �P�G �"�*�w�
 �T�B�J�E �J�O �B
�U�F�M�F�W�J�T�F�E �J�O�U�F�S�W�J�F�X���
 �i�* �U�I�J�O�L �J�O ���W�F �Z�F�B�S�T�� �U�J�N�F �<�$�I�B�U�(�1�5�> �N�B�Z �X�F�M�M �C�F �B�C�M�F �U�P �S�F�B�T�P�O �C�F�U�U�F�S
�U�I�B�O �V�T���w

�#�V�U �B �D�P�O�U�J�O�H�F�O�U �P�G �U�I�F �B�D�B�E�F�N�J�D �D�P�N�N�V�O�J�U�Z�
 �N�Z�T�F�M�G �J�O�D�M�V�E�F�E�
 �S�F�B�D�U�F�E �O�P�U �X�J�U�I �T�I�P�D�L�
 �C�V�U
�D�P�O�G�V�T�J�P�O�� ���F �U�F�D�I�O�P�M�P�H�Z �C�F�I�J�O�E �$�I�B�U�(�1�5 �X�B�T �O�P�U �O�F�X�� �*�O �T�P�N�F �G�P�S�N�
 �J�U �I�B�T �C�F�F�O �E�S�J�W��
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 �P�S�J�H�J�O�B�M�M�Z �Q�J�U�D�I�F�E �U�I�F�J�S �J�N�Q�S�P�W�F�N�F�O�U �U�P �U�I�F �3�/�/�

�D�B�M�M�F�E �B �-�P�O�H���4�I�P�S�U �5�F�S�N �.�F�N�P�S�Z �	�-�4�5�.�
 �O�F�U�X�P�S�L�
 �B�T �B �X�B�Z �U�P �B�E�E�S�F�T�T �U�I�F �3�/�/���T�Q�F�D�J���D
�J�T�T�V�F�T �P�G �W�B�O�J�T�I�J�O�H �B�O�E �F�Y�Q�M�P�E�J�O�H �H�S�B�E�J�F�O�U�T�� �5�P �U�S�B�J�O �B �N�P�E�F�M �U�I�B�U �G�F�F�E�T �U�I�F �D�P�O�U�F�Y�U �W�F�D��
�U�P�S �C�B�D�L �J�O�U�P �U�I�F �O�F�U�X�P�S�L �B�T �B�O �J�O�Q�V�U�
 �J�U �J�T �D�P�N�N�P�O �Q�S�B�D�U�J�D�F �U�P �Q�S�P�Q�B�H�B�U�F �F�S�S�P�S�T �C�B�D�L�X�B�S�E
�U�I�S�P�V�H�I �U�I�P�T�F �S�F�D�V�S�S�F�O�U �D�P�O�O�F�D�U�J�P�O�T�� �&�T�T�F�O�U�J�B�M�M�Z�
 �U�I�F �U�S�B�J�O�J�O�H �Q�S�P�D�F�T�T �i�V�O�S�P�M�M�T�w �U�I�F �O�F�U��
�X�P�S�L�� �#�Z �V�O�S�P�M�M�J�O�H �U�I�J�T �X�B�Z�
 �U�I�F�S�F �J�T �B �T�V�C�T�U�B�O�U�J�B�M �D�I�B�O�D�F �U�I�B�U �U�I�F �H�S�B�E�J�F�O�U �C�F�D�P�N�F�T �U�P�P
�M�B�S�H�F �U�P �C�F �V�T�B�C�M�F �B�T �J�U �X�P�V�M�E �E�P�N�J�O�B�U�F �U�I�F �Q�S�F�W�J�P�V�T �W�B�M�V�F�T �G�P�S �U�I�F �Q�B�S�B�N�F�U�F�S�T �U�I�B�U �B�S�F �C�F�J�O�H
�J�U�F�S�B�U�J�W�F�M�Z �V�Q�E�B�U�F�E �	�F�Y�Q�M�P�E�J�O�H �H�S�B�E�J�F�O�U�
�
 �P�S �U�I�B�U �J�U �C�F�D�P�N�F�T ���
 �N�F�B�O�J�O�H �U�I�B�U �J�U �E�P�F�T �O�P�U �Q�S�P��
�W�J�E�F �B �E�J�S�F�D�U�J�P�O �U�P �V�Q�E�B�U�F �U�I�F �Q�B�S�B�N�F�U�F�S�T �B�O�E �J�N�Q�S�P�W�F �U�I�F �N�P�E�F�M �	�W�B�O�J�T�I�J�O�H �H�S�B�E�J�F�O�U�
�� �"�T
�U�I�F ���F�M�E �P�G �M�B�O�H�V�B�H�F �N�P�E�F�M�J�O�H �B�E�P�Q�U�F�E �-�4�5�.�T�
 �X�J�U�I �U�I�F�J�S �T�F�Q�B�S�B�U�F �J�O�Q�V�U�
 �P�V�U�Q�V�U�
 �B�O�E �G�P�S�H�F�U
�H�B�U�F�T�
 �U�I�J�T �B�S�D�I�J�U�F�D�U�V�S�F �X�B�T �I�B�J�M�F�E �B�T �F�T�Q�F�D�J�B�M�M�Z �B�Q�Q�S�P�Q�S�J�B�U�F �C�F�D�B�V�T�F �U�I�F�T�F �H�B�U�F�T �D�B�O �F�Y�Q�M�J�D�J�U�M�Z
�D�P�O�U�S�P�M �U�I�F �M�P�O�H�F�W�J�U�Z �P�G �D�P�O�U�F�Y�U �J�O�G�P�S�N�B�U�J�P�O �J�O �U�I�F �O�F�U�X�P�S�L��

�3�/�/�T�
 �B�O�E �F�W�F�O �N�P�S�F �T�P �G�P�S �-�4�5�.�T�
 �S�F�R�V�J�S�F �P�S�E�F�S�T �P�G �N�B�H�O�J�U�V�E�F �N�P�S�F �Q�B�S�B�N�F�U�F�S�T �B�O�E
�U�S�B�J�O�J�O�H �J�U�F�S�B�U�J�P�O�T �C�F�G�P�S�F �U�I�F�J�S �Q�S�F�E�J�D�U�J�P�O�T �B�S�F �T�V�J�U�B�C�M�Z �B�D�D�V�S�B�U�F�� �*�U �J�T �F�T�Q�F�D�J�B�M�M�Z �Q�S�P�C�M�F�N�B�U�J�D
�U�I�B�U �U�I�F �O�V�N�C�F�S �P�G �Q�B�S�B�N�F�U�F�S�T �H�S�P�X�T �T�V�Q�F�S���M�J�O�F�B�S�M�Z �X�J�U�I �U�I�F �T�J�[�F �P�G �U�I�F �W�P�D�B�C�V�M�B�S�Z �	�U�I�F �M�J�T�U
�P�G �Q�P�T�T�J�C�M�F �X�P�S�E�T �B�W�B�J�M�B�C�M�F �U�P �P�D�D�V�S �B�U �F�B�D�I �Q�P�T�J�U�J�P�O �J�O �U�I�F �V�U�U�F�S�B�O�D�F�
�� �"�M�T�P�
 �V�U�J�M�J�[�J�O�H �D�M�B�T�T�F�T
�U�P �T�Q�F�F�E �V�Q �U�S�B�J�O�J�O�H �G�P�S �3�/�/�T �M�F�B�E�T �U�P �T�P�N�F �J�O�T�U�B�C�J�M�J�U�Z �J�O �M�B�O�H�V�B�H�F �N�P�E�F�M �R�V�B�M�J�U�Z�� ���F�S�F��
�G�P�S�F�
 �N�Z �D�P�B�V�U�I�P�S�T �B�O�E �* �J�O�4�J�O�H�I�
 �(�S�F�F�O�C�F�S�H�
 �B�O�E �,�M�B�L�P�X�	���������
 �Q�S�P�Q�P�T�F�E�
 �J�N�Q�M�F�N�F�O�U�F�E�




�������� �" �C�S�J�F�G �I�J�T�U�P�S�Z �P�G �M�B�O�H�V�B�H�F �N�P�E�F�M�J�O�H�
 �J�O �U�I�S�F�F �Q�B�S�U�T��

�B�O�E �F�W�B�M�V�B�U�F�E �U�I�F �$�V�T�U�P�N �%�F�D�B�Z �-�B�O�H�V�B�H�F �.�P�E�F�M �	�$�%�-�.�
�
 �B �O�P�O���S�F�D�V�S�S�F�O�U �B�S�D�I�J�U�F�D�U�V�S�F
�E�F�T�J�H�O�F�E �U�P �I�B�W�F �U�I�F �N�J�O�J�N�B�M �Q�P�X�F�S �	�O�V�N�C�F�S �P�G �Q�B�S�B�N�F�U�F�S�T�
 �O�F�D�F�T�T�B�S�Z �U�P �D�B�Q�U�V�S�F �U�S�J�H�H�F�S��
�J�O�H �S�F�M�B�U�J�P�O�T�I�J�Q�T �P�G �U�I�F �L�J�O�E �E�J�T�D�V�T�T�F�E �J�O �4�F�D�U�J�P�O������������

�5�P �D�P�N�C�J�O�F �U�I�F �C�F�O�F���U�T �P�G �'�'�/�T �B�O�E �3�/�/�T�
 �N�Z �D�P�B�V�U�I�P�S�T �B�O�E �* �J�O�0�V�B�M�J�M �F�U �B�M���	���������B�

�Q�S�P�Q�P�T�F�E�
 �J�N�Q�M�F�N�F�O�U�F�E�
 �B�O�E �F�W�B�M�V�B�U�F�E �U�I�F �4�F�R�V�F�O�U�J�B�M �3�F�D�V�S�S�F�O�U �/�F�V�S�B�M �/�F�U�X�P�S�L �	�4�3�/�/�

�M�B�O�H�V�B�H�F �N�P�E�F�M�� �4�Q�F�D�J���D�B�M�M�Z�
 �U�I�J�T �B�S�D�I�J�U�F�D�U�V�S�F �U�P�P�Ln + 1 �J�O�Q�V�U�T �B�U �F�B�D�I �U�J�N�F �T�U�F�Q�� �U�I�F
�D�V�S�S�F�O�U �X�P�S�E �S�F�Q�S�F�T�F�O�U�F�E �B�T �B �D�P�O�U�J�O�V�P�V�T �W�F�D�U�P�S�
 �U�I�F �Q�S�F�D�F�E�J�O�Hn � 1 �X�P�S�E�T �S�F�Q�S�F�T�F�O�U�F�E�J�O��
�E�J�W�J�E�V�B�M�M�Z�B�T �D�P�O�U�J�O�V�P�V�T �W�F�D�U�P�S�T�
 �B�O�E �B �T�J�O�H�M�F �S�F�D�V�S�S�F�O�U �W�F�D�U�P�S �N�F�B�O�U �U�P �D�B�Q�U�V�S�F �U�I�F �D�P�O�U�F�Y�U
�C�F�G�P�S�F �U�I�P�T�Fn � 1 �X�P�S�E�T�� ���F �O�F�U�X�P�S�L �D�P�O�U�B�J�O�F�E �M�B�U�F�S�B�M �D�P�O�O�F�D�U�J�P�O�T �U�I�B�U �B�M�M�P�X�F�E �U�I�F �X�P�S�E
�S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �U�P �T�Q�F�D�J�B�M�J�[�F �J�O �B �Q�B�S�U�J�D�V�M�B�S�M�Z �M�J�O�H�V�J�T�U�J�D�B�M�M�Z���N�P�U�J�W�B�U�F�E �X�B�Z��

�"�T �B �E�J���F�S�F�O�U �B�Q�Q�S�P�B�D�I �U�I�B�U �U�P�P�L �B�E�W�B�O�U�B�H�F �P�G �U�I�F �T�U�J�M�M �T�P�N�F�X�I�B�U �S�F�D�F�O�U �B�E�W�F�O�U �P�G �U�I�F �-�4�5�.�

�N�Z �D�P�B�V�U�I�P�S�T �B�O�E �* �J�O�0�V�B�M�J�M �F�U �B�M���	���������C�
 �N�P�E�J���F�E �U�I�F �J�O�U�F�S�O�B�M �T�U�S�V�D�U�V�S�F �P�G �B�O �-�4�5�. �O�P�E�F
�U�P �J�O�D�M�V�E�F �P�O�F �B�E�E�J�U�J�P�O�B�M �S�F�D�V�S�S�F�O�D�F�
 �N�B�L�J�O�H �U�I�F �-�P�O�H���4�I�P�S�U �3�B�O�H�F �$�P�O�U�F�Y�U �	�-�4�3�$�
 �-�B�O��
�H�V�B�H�F �.�P�E�F�M�� ���J�T �B�M�M�P�X�F�E �U�X�P�
 �S�B�U�I�F�S �U�I�B�O �P�O�F�
 �W�F�D�U�P�S �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �P�G �U�I�F �D�P�O�U�F�Y�U�� �U�I�F
�T�I�P�S�U �D�P�O�U�F�Y�U �W�F�D�U�P�S �B�O�E �U�I�F �M�P�O�H �D�P�O�U�F�Y�U �W�F�D�U�P�S�� �"�M�U�I�P�V�H�I �U�I�J�T �N�P�E�F�M �I�B�E �U�I�F �M�J�O�H�V�J�T�U�J�D�B�M�M�Z
�E�F�T�J�S�B�C�M�F �R�V�B�M�J�U�Z �U�I�B�U �J�U�T �M�P�O�H �D�P�O�U�F�Y�U �W�F�D�U�P�S �D�I�B�O�H�F�T �P�W�F�S �U�J�N�F �N�V�D�I �N�P�S�F �H�S�B�E�V�B�M�M�Z�
 �B�M�M�P�X��
�J�O�H �T�P�N�F �J�O�G�P�S�N�B�U�J�P�O �U�P �Q�F�S�T�J�T�U �U�I�S�P�V�H�I�P�V�U �B�O �V�U�U�F�S�B�O�D�F �P�G �B�S�C�J�U�S�B�S�Z �M�F�O�H�U�I�
 �U�I�F �Q�S�F�E�J�D�U�J�P�O
�B�D�D�V�S�B�D�Z �P�G �-�4�3�$ �F�O�E�F�E �V�Q �C�F�J�O�H �S�P�V�H�I�M�Z �D�P�N�Q�B�S�B�C�M�F �U�P �B�O �-�4�5�. �X�J�U�I �E�S�P�Q�P�V�U�� �%�S�P�Q�P�V�U
�J�T �B�O �J�O�D�S�F�E�J�C�M�Z �T�V�D�D�F�T�T�G�V�M �T�U�S�B�U�F�H�Z �G�P�S �N�B�D�I�J�O�F �M�F�B�S�O�J�O�H �J�O �X�I�J�D�I �O�P�E�F�T �B�S�F �U�F�N�Q�P�S�B�S�J�M�Z
�S�F�N�P�W�F�E �G�S�P�N �U�I�F �O�F�U�X�P�S�L �B�D�D�P�S�E�J�O�H �U�P �B �Q�S�P�C�B�C�J�M�J�T�U�J�D �G�V�O�D�U�J�P�O�
 �F�O�D�P�V�S�B�H�J�O�H �S�F�E�V�O�E�B�O�D�Z
�B�N�P�O�H �U�I�F �E�J���F�S�F�O�U �O�P�E�F�T�� ���F�S�F �J�T �B �Q�M�B�V�T�J�C�M�F �B�O�B�M�P�H�Z �C�F�U�X�F�F�O �E�S�P�Q�P�V�U �B�O�E �U�I�F �S�F�G�S�B�D�U�P�S�Z
�Q�F�S�J�P�E �B���F�S �B �	�C�J�P�
 �O�F�V�S�P�O �I�B�T ���S�F�E��

���������� �5�S�B�O�T�G�P�S�N�F�S�T

�4�P�N�F�X�I�B�U �S�F�M�B�U�F�E �U�P �U�I�F �4�3�/�/�
 �U�I�F �5�S�B�O�T�G�P�S�N�F�S �	�7�B�T�X�B�O�J �F�U �B�M���
���������
 �J�O�D�M�V�E�F�T �J�O�E�J�W�J�E�V�B�M
�D�P�O�U�F�Y�U �W�F�D�U�P�S�T �G�P�S �U�I�F �i�S�F�D�F�O�U�w �D�P�O�U�F�Y�U�
 �B�M�U�I�P�V�H�I �U�I�F �O�P�U�J�P�O �P�G �i�S�F�D�F�O�U�w �F�Y�Q�B�O�E�F�E �U�P �B�C�P�V�U
������ �X�P�S�E�T �H�J�W�F�O �B�E�W�B�O�D�F�T �X�J�U�I �N�B�D�I�J�O�F �M�F�B�S�O�J�O�H �P�O �H�S�B�Q�I�J�D�T �Q�S�P�D�F�T�T�J�O�H �V�O�J�U�T �	�(�1�6�T�
�� �"
�5�S�B�O�T�G�P�S�N�F�S �I�B�T �D�P�N�Q�P�O�F�O�U�T �P�G �U�X�P �L�J�O�E�T�
 �F�O�D�P�E�F�S �B�O�E �E�F�D�P�E�F�S�
 �B�M�U�I�P�V�H�I �B �T�J�O�H�M�F �T�Z�T�U�F�N
�N�J�H�I�U �D�P�O�U�B�J�O �N�V�M�U�J�Q�M�F �F�O�D�P�E�F�S�T �P�S �E�F�D�P�E�F�S�T�� ���F �F�O�D�P�E�F�S �D�S�F�B�U�F�T �U�I�F�T�F �J�O�E�J�W�J�E�V�B�M �D�P�O�U�F�Y�U
�W�F�D�U�P�S�T �G�P�S �U�I�F �W�B�S�J�P�V�T �Q�P�T�J�U�J�P�O�T �J�O �U�I�F ������ �N�P�T�U �S�F�D�F�O�U �X�P�S�E�T�� ���F�O�
 �J�U �D�P�N�C�J�O�F�T �U�I�F�N �V�T�J�O�H
�X�F�J�H�I�U�F�E �B�E�E�J�U�J�P�O�� ���F�S�F �B�S�F �B �O�V�N�C�F�S �P�G �X�B�Z�T �U�P �T�F�U �U�I�F �X�F�J�H�I�U�T�
 �C�V�U �U�I�F �N�P�T�U �D�P�N�Q�M�J�D�B�U�F�E�

�T�V�D�D�F�T�T�G�V�M�
 �B�O�E �D�P�N�N�P�O�M�Z �V�T�F�E �J�T �B�O �-�4�5�. �N�F�D�I�B�O�J�T�N �D�B�M�M�F�E �T�F�M�G���B�U�U�F�O�U�J�P�O�� ���F �W�B�M�V�F�T
�J�O �U�I�F �D�P�O�U�F�Y�U �W�F�D�U�P�S�T �E�F�U�F�S�N�J�O�F �U�I�F �X�F�J�H�I�U�T�� �"�T �T�V�D�I�
 �U�I�F �F�O�D�P�E�F�S �D�P�O�T�J�E�F�S�T �U�I�F �X�P�S�E�T
�U�I�F�N�T�F�M�W�F�T �X�I�F�O �i�E�F�D�J�E�J�O�H�w �X�I�B�U �Q�B�S�U�T �P�G �U�I�F �D�P�O�U�F�Y�U �U�P �i�B�U�U�F�O�E�w �U�P�
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�.�Z �D�P�B�V�U�I�P�S�T �D�P�O�E�V�D�U�F�E �B �T�U�V�E�Z �P�G �U�I�F �T�Q�B�S�T�F�O�F�T�T �P�G �X�P�S�E �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �P�W�F�S �E�J���F�S�F�O�U
�D�P�O�U�F�Y�U �T�J�[�F�T�
 �B�O�E �* �I�F�M�Q�F�E �U�P �J�O�U�F�S�Q�S�F�U �U�I�F �S�F�T�V�M�U�T��

�4�L�J�Q �N�P�E�F�M�T�4�L�J�Q �N�P�E�F�M�T �F�O�V�N�F�S�B�U�F �E�F�Q�F�O�E�F�O�D�J�F�T �M�J�L�Fn���H�S�B�N�T�
 �C�V�U �B�M�M�P�X �X�J�M�E�D�B�S�E�T �	�T�L�J�Q�T�

�B�U �T�Q�F�D�J���D �Q�P�T�J�U�J�P�O�T�� ���J�T �U�F�D�I�O�J�R�V�F �J�O �D�P�N�C�J�O�B�U�J�P�O �X�J�U�I �E�J�T�U�B�O�D�F���T�Q�F�D�J���D �T�N�P�P�U�I�J�O�H �N�F�U�I��
�P�E�T �T�Q�B�O�T �M�B�S�H�F�S �D�P�O�U�F�Y�U �T�J�[�F�T �B�O�E �S�F�E�V�D�F�T �U�I�F �T�Q�B�S�T�F�O�F�T�T �Q�S�P�C�M�F�N�� �)�P�X�F�W�F�S�
 �U�I�F �O�V�N�C�F�S �P�G
�Q�B�S�B�N�F�U�F�S�T �T�U�J�M�M �H�S�P�X �C�ZO(V 2) �	�X�I�F�S�FV �J�T �U�I�F �W�P�D�B�C�V�M�B�S�Z �T�J�[�F�
 �B�T �U�I�F �D�P�O�U�F�Y�U �T�J�[�F �H�S�P�X�T�

�N�B�L�J�O�H �U�I�F�N �D�P�N�Q�V�U�B�U�J�P�O�B�M�M�Z �J�O�F���D�J�F�O�U�� �*�O �U�I�F�P�S�Z�
 �U�I�F �T�L�J�Q �T�J�[�F�T �D�P�V�M�E �C�F �C�J�O�O�F�E �P�S �R�V�B�O��
�U�J�[�F�E�
 �C�V�U �U�I�J�T �X�P�V�M�E �T�U�J�M�M �S�F�R�V�J�S�F �U�I�F �N�P�E�F�M �B�S�D�I�J�U�F�D�U �U�P �T�F�U �B�S�C�J�U�S�B�S�Z �C�P�V�O�E�B�S�J�F�T�� ���F �$�%�-�.
�B�S�D�I�J�U�F�D�U�V�S�F �P�D�D�V�Q�J�F�E�
 �J�O �J�U�T �U�J�N�F�
 �B �O�J�D�F �Q�P�T�J�U�J�P�O �X�J�U�I �S�F�T�Q�F�D�U �U�P �B�M�M �P�G �U�I�F�T�F �J�T�T�V�F�T�� �.�Z �D�P�B�V��
�U�I�P�S�T �B�O�E �* �H�B�W�F �J�U �U�I�F �N�J�O�J�N�B�M �O�V�N�C�F�S �P�G �Q�B�S�B�N�F�U�F�S�T �U�I�B�U �J�U �O�F�F�E�F�E �U�P �D�B�Q�U�V�S�F �U�I�F �U�S�J�H�H�F�S�J�O�H
�B�O�E �J�U �T�U�J�M�M �I�B�E �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�B�M �Q�P�X�F�S �N�P�S�F �B�M�P�O�H �U�I�F �M�J�O�F�T �P�G �B �O�F�V�S�B�M �O�F�U�X�P�S�L �U�I�B�O �U�I�F �T�L�J�Q
�N�P�E�F�M�T �U�I�B�U �Q�S�F�D�F�E�F�E �J�U��

�'�P�S �U�I�F �F�Y�Q�F�S�J�N�F�O�U�T�
 �N�Z �D�P�B�V�U�I�P�S�T �C�V�J�M�U �T�L�J�Q �N�P�E�F�M�T �C�Z �D�P�N�C�J�O�J�O�H �V�O�J���F�E���T�N�P�P�U�I�J�O�H ����
�H�S�B�N�T �B�O�E �E�J�T�U�B�O�D�F �����H�S�B�N�T�
 �X�I�J�D�I �F�Y�U�F�O�E�F�E �U�I�F �S�B�O�H�F�� �1�S�F�W�J�P�V�T�M�Z�
 �T�V�D�I �B �D�P�N�C�J�O�B�U�J�P�O
�I�B�E �C�F�F�O �T�I�P�X�O �U�P �P�V�U�Q�F�S�G�P�S�N �T�U�B�U�F���P�G���U�I�F���B�S�U �T�N�P�P�U�I�F�En���H�S�B�N �-�.�T�4�J�O�H�I �B�O�E �,�M�B�L�P�X
�	���������
��

�3�/�/�-�.�T �3�/�/�-�.�T �Q�S�P�W�J�E�F�E �J�N�Q�S�F�T�T�J�W�F �Q�F�S�G�P�S�N�B�O�D�F �H�B�J�O�T �X�I�F�O �D�P�N�Q�B�S�F�E �U�P �P�U�I�F�S �D�P�O��
�U�F�N�Q�P�S�B�S�Z �M�B�O�H�V�B�H�F �N�P�E�F�M�T�� ���S�P�V�H�I �S�F�D�V�S�S�F�O�D�F�
 �U�I�F �D�P�O�U�F�Y�U �T�J�[�F �G�P�S �U�I�F�T�F �N�P�E�F�M�T �J�T �F�T��
�T�F�O�U�J�B�M�M�Z �J�O���O�J�U�F�
 �P�S �B�U �M�F�B�T�U�
 �G�P�S�N�B�M�M�Z �V�O�D�P�O�T�U�S�B�J�O�F�E�� ���J�T �N�B�L�F�T �U�I�F�N �F�T�Q�F�D�J�B�M�M�Z �T�V�J�U�B�C�M�F
�G�P�S �M�P�O�H �S�B�O�H�F �E�F�Q�F�O�E�F�O�D�J�F�T�� �)�P�X�F�W�F�S�
 �U�S�B�J�O�J�O�H �3�/�/�-�.�T �D�B�O �C�F �T�M�P�X�
 �F�T�Q�F�D�J�B�M�M�Z �C�F�D�B�V�T�F
�U�I�F �P�V�U�Q�V�U �N�V�T�U �C�F �O�P�S�N�B�M�J�[�F�E �G�P�S �F�B�D�I �X�P�S�E �J�O �U�I�F �W�P�D�B�C�V�M�B�S�Z�� �)�J�F�S�B�S�D�I�J�D�B�M �T�P���N�B�Y �B�O�E
�S�F�M�B�U�F�E �Q�S�P�D�F�E�V�S�F�T �U�I�B�U �J�O�W�P�M�W�F �E�F�D�P�N�Q�P�T�J�O�H �U�I�F �P�V�U�Q�V�U �M�B�Z�F�S �J�O�U�P �D�M�B�T�T�F�T �D�B�O �I�F�M�Q �X�J�U�I �U�I�J�T
�O�P�S�N�B�M�J�[�B�U�J�P�O�(�P�P�E�N�B�O�	���������C�
�� �6�O�G�P�S�U�V�O�B�U�F�M�Z�
 �V�T�J�O�H �D�M�B�T�T�F�T �G�P�S �O�P�S�N�B�M�J�[�B�U�J�P�O �D�P�N�Q�M�J��
�D�B�U�F�T �U�I�F �U�S�B�J�O�J�O�H �Q�S�P�D�F�T�T�
 �T�J�O�D�F �J�U �D�S�F�B�U�F�T �B �Q�B�S�U�J�D�V�M�B�S�M�Z �W�P�M�B�U�J�M�F �N�F�U�B�Q�B�S�B�N�F�U�F�S�� ���J�T �D�B�O �C�F
�P�C�T�F�S�W�F�E �J�O �'�J�H�V�S�F�������
 �X�I�F�S�F �F�W�F�O �G�P�S �T�N�B�M�M �W�B�S�J�B�U�J�P�O �J�O �D�M�B�T�T�F�T�
 �3�/�/�-�.�T �T�I�P�X �V�O�T�U�B�C�M�F
�W�B�S�J�B�U�J�P�O �J�O �Q�F�S�Q�M�F�Y�J�U�Z��

�* �U�S�B�J�O�F�E �N�B�O�Z �3�/�/�-�.�T �J�O �U�I�J�T �U�J�N�F �V�T�J�O�H �B �Q�P�Q�V�M�B�S �J�N�Q�M�F�N�F�O�U�B�U�J�P�O �C�Z�.�J�L�P�M�P�W �F�U �B�M��
�	���������D�
�� ���J�T �J�N�Q�M�F�N�F�O�U�B�U�J�P�O �C�V�J�M�E�T �O�F�U�X�P�S�L�T �U�I�B�U �S�F�R�V�J�S�FH 2 + 2HV + HC �Q�B�S�B�N�F�U�F�S�T�

�X�I�F�S�FH �J�T �U�I�F �O�V�N�C�F�S �P�G �I�J�E�E�F�O �V�O�J�U�T �B�O�EC �J�T �U�I�F �O�V�N�C�F�S �P�G �O�P�S�N�B�M�J�[�B�U�J�P�O �D�M�B�T�T�F�T�� �"�O
�J�O�D�S�F�B�T�F �C�Z �P�O�F �J�O �U�I�F �I�J�E�E�F�O �M�B�Z�F�S �T�J�[�F �J�O�D�S�F�B�T�F�T �U�I�F �O�V�N�C�F�S �P�G �Q�B�S�B�N�F�U�F�S�T �M�J�O�F�B�S�M�Z �J�O �W�P��
�D�B�C�V�M�B�S�Z �T�J�[�F �	O(V + H + C)�
��

������ �$�V�T�U�P�N �%�F�D�B�Z �-�B�O�H�V�B�H�F �.�P�E�F�M�T

�5�P �C�V�J�M�E �$�%�-�.�T�
 �N�Z �D�P�B�V�U�I�P�S �.�J�U�U�V�M �4�J�O�H�I �X�B�T �J�O�T�Q�J�S�F�E �C�Z �M�P�H���M�J�O�F�B�S �M�B�O�H�V�B�H�F �N�P�E�F�M�T�

�X�I�J�D�I �I�B�W�F �T�V�C���M�J�O�F�B�S �H�S�P�X�U�I �J�O �U�I�F �O�V�N�C�F�S �P�G �Q�B�S�B�N�F�U�F�S�T �X�J�U�I �D�P�O�U�F�Y�U �T�J�[�F �	�,�M�B�L�P�X�
���������
��



�������� �$�V�T�U�P�N �%�F�D�B�Z �-�B�O�H�V�B�H�F �.�P�E�F�M�T ����

�'�J�H�V�S�F ���������7�B�S�J�B�U�J�P�O �P�G �Q�F�S�Q�M�F�Y�J�U�Z �B�H�B�J�O�T�U �U�I�F �O�V�N�C�F�S �P�G �D�M�B�T�T�F�T �G�P�S �B �3�/�/�-�. �X�J�U�I ������
�I�J�E�E�F�O �O�P�E�F�T��

���F �N�P�E�F�M �B�S�D�I�J�U�F�D�U�V�S�F �D�P�O�T�J�T�U�F�E �P�G �U�X�P �Q�B�S�U�T�� �B �M�P�H���M�J�O�F�B�S �N�P�E�F�M �B�O�E �B�On���H�S�B�N �N�P�E�F�M��
�'�P�S �B �I�J�T�U�P�S�Z �P�G �T�J�[�FM �
 �U�I�Fn���H�S�B�N �Q�B�S�U �M�P�P�L�T �B�U �U�I�F ���S�T�UN � 1 �	N < M �
 �Q�S�F�E�F�D�F�T��
�T�P�S �X�P�S�E�T �B�O�E �U�I�F �M�P�H���M�J�O�F�B�S �Q�B�S�U �D�B�Q�U�V�S�F�T �U�I�F �U�S�J�H�H�F�S�J�O�H �J�O�G�P�S�N�B�U�J�P�O �T�U�P�S�F�E �J�O �E�J�T�U�B�O�D�F�T
d �J�O �U�I�F �S�B�O�H�F[N; M )�� �(�J�W�F�O �U�I�F �T�U�S�J�O�H �P�G �X�P�S�E�Tf wi � M +2 ; � � � ; wi � 1; wi ; wi +1 g �X�I�F�S�F
h = f wi � M +2 ; � � � ; wi g�
 �B�O�E �T�V�Q�Q�P�T�J�O�H �U�I�B�UN = 3�
 �$�%�-�. �D�B�O �C�F �E�F���O�F�E �B�T ��

P(wi +1 jhi ) =
1

Z(hi )
� P3��gram (wi +1 jwi � 1; wi )

� �F�Y�Q(E wi +1 vwi � 2 +
i � 3X

k= i � N +2

E wi +1 Tkvwk ) �	�������


�X�I�F�S�Fi �J�T �U�I�F �Q�P�T�J�U�J�P�O �J�O �U�I�F �E�P�D�V�N�F�O�U�
P3��gram �J�T �B �T�U�B�O�E�B�S�E �����H�S�B�N �-�. �B�O�Evwk �J�T �U�I�F
�W�F�D�U�P�S �S�F�Q�S�F�T�F�O�U�B�U�J�P�O �P�G �U�I�F �X�P�S�E �B�U �B �E�J�T�U�B�O�D�Fk �G�S�P�N �U�I�F �X�P�S�E �U�P �C�F �Q�S�F�E�J�D�U�F�E �J�O �BC��
�E�J�N�F�O�T�J�P�O�B�M�
 �D�P�O�U�J�O�V�P�V�T�
 �E�F�O�T�F �M�B�U�F�O�U �T�Q�B�D�F �	C < V �
�� �)�F�S�F�
 �U�I�F �E�J�N�F�O�T�J�P�O�T �P�GC �D�B�O �C�F
�V�O�E�F�S�T�U�P�P�E �B�T �i�D�M�B�T�T�F�T�w �D�B�Q�U�V�S�J�O�H �M�B�U�F�O�U �T�F�N�B�O�U�J�D �J�O�G�P�S�N�B�U�J�P�O �J�O �U�I�F �E�B�U�B��

E wi �S�F�G�F�S�T �U�P �B �D�P�M�V�N�O �P�G �U�I�F �F�N�J�T�T�J�P�O �N�B�U�S�J�YE�
 �X�I�J�D�I �X�F�J�H�I�T �U�I�F �X�P�S�E �W�F�D�U�P�S�Tvwk �U�P
�Q�S�F�E�J�D�U �U�I�F �O�F�Y�U �X�P�S�E�� �4�V�D�I �B �N�B�U�S�J�Y �D�B�O �C�F �U�I�P�V�H�I�U �P�G �B�T �B�O �J�O�U�F�S�Q�S�F�U�B�U�J�P�O �G�V�O�D�U�J�P�O �G�P�S
�U�I�F �D�V�S�S�F�O�U �M�B�U�F�O�U �T�U�B�U�F �P�G �U�I�F �N�P�E�F�M�� ���F�T�F �M�B�U�F�O�U �T�U�B�U�F�T �F�Y�J�T�U �J�O �U�I�F �T�B�N�F �T�Q�B�D�F �B�T �U�I�F �X�P�S�E
�W�F�D�U�P�S�T�� �1�S�F�T�V�N�B�C�M�Z�
 �T�P�N�F �X�P�S�E�T �B�S�F �D�M�P�T�F�S �U�P �U�I�J�T �T�U�B�U�F �U�I�B�O �P�U�I�F�S�T�� �*�O �U�I�J�T �X�B�Z�
 �U�I�F �M�B�U�F�O�U
�T�U�B�U�F�T �S�F�Q�S�F�T�F�O�U �T�F�N�B�O�U�J�D �D�P�O�D�F�Q�U�T �U�I�B�U �U�I�FE �N�B�U�S�J�Y �D�B�O �U�S�B�O�T�M�B�U�F �J�O�U�P �X�P�S�E�T��

���F �N�P�E�F�M �B�M�T�P �J�O�D�M�V�E�F�T �B �E�J�T�U�B�O�D�F �T�Q�F�D�J���D �U�S�B�O�T�J�U�J�P�O �N�B�U�S�J�YTk �U�P �U�B�L�F �X�P�S�E �W�F�D�U�P�S�T �G�S�P�N
�P�O�F �E�J�T�U�B�O�D�F���C�B�T�F�E �M�B�U�F�O�U �T�Q�B�D�F �U�P �B�O�P�U�I�F�S�� �.�P�S�F �E�J�S�F�D�U�M�Z�
 �U�I�FTk �N�B�U�S�J�D�F�T �D�P�O�U�S�P�M �U�I�F �E�F�D�B�Z
�P�G �F�B�D�I �X�P�S�E �X�J�U�I�J�O �U�I�F �M�B�U�F�O�U �T�U�B�U�F�� �4�J�O�D�F �U�I�FTk �B�S�F �N�B�U�S�J�D�F�T�
 �B�T �P�Q�Q�P�T�F�E �U�P �T�D�B�M�B�S�T�
 �X�I�J�D�I
�X�P�V�M�E �Q�S�P�W�J�E�F �B �V�O�J�G�P�S�N �E�F�D�B�Z�
 �B�O�E �B�T �P�Q�Q�P�T�F�E �U�P �W�F�D�U�P�S�T �X�I�J�D�I �X�P�V�M�E �Q�S�P�W�J�E�F �B �D�M�B�T�T���C�B�T�F�E
�E�F�D�B�Z�
 �U�I�F �T�I�B�Q�F �P�G �U�I�F �E�F�D�B�Z �G�V�O�D�U�J�P�O �J�T�D�V�T�U�P�N�U�P �F�B�D�I �X�P�S�E�
 �X�I�J�D�I �J�T �X�I�Z �U�I�J�T �N�P�E�F�M �J�T
�O�B�N�F�E �U�I�F �$�V�T�U�P�N �%�F�D�B�Z �-�B�O�H�V�B�H�F �.�P�E�F�M��

���J�T �T�F�U�V�Q �B�M�M�P�X�T �U�I�F �N�P�E�F�M �U�P �D�P�O�T�U�S�B�J�O �U�I�F �O�V�N�C�F�S �P�G �Q�B�S�B�N�F�U�F�S�T�
 �B�T �F�B�D�I �U�J�N�F �B �X�P�S�E �J�T
�B�E�E�F�E �U�P �U�I�F �M�B�U�F�O�U �T�U�B�U�F�
 �P�O�M�Z �U�I�FTk �N�B�U�S�J�Y �O�F�F�E�T �U�P �C�F �V�Q�E�B�U�F�E�� �"�Q�B�S�U �G�S�P�N �U�I�FO(V 3)



���� ���� �-�B�O�H�V�B�H�F �N�P�E�F�M�T �D�B�O �N�J�N�J�D �I�V�N�B�O �C�V�S�T�U�J�O�F�T�T

�Q�B�S�B�N�F�U�F�S�T �S�F�R�V�J�S�F�E �U�P �D�P�O�T�U�S�V�D�U �U�I�F �U�S�J�H�S�B�N�
 �J�U �O�F�F�E�TO(V C) �Q�B�S�B�N�F�U�F�S�T �U�P �U�S�B�J�O �U�I�FE
�N�B�U�S�J�Y �B�O�E �U�I�F �X�P�S�E �W�F�D�U�P�S�Tvwk �
 �B�O�E �J�U �O�F�F�E�TO(C2) �Q�B�S�B�N�F�U�F�S�T �G�P�S �U�S�B�J�O�J�O�H �U�I�FTk �N�B�U�S�J�D�F�T��
�*�O �B�M�M�
 �$�%�-�. �Q�B�S�B�N�F�U�F�S�T �J�O�D�S�F�B�T�F �T�V�C���M�J�O�F�B�S�M�Z �X�J�U�IV ��

�"�T �T�I�P�X�O �J�O �U�I�F �M�B�T�U �M�J�O�F �P�G �&�R�V�B�U�J�P�O�������
 �U�I�F �N�P�E�F�M �M�P�H���M�J�O�F�B�S�M�Z �D�P�N�C�J�O�F�TTkvwk �B�U �F�B�D�I
�D�P�O�U�F�Y�U �Q�P�T�J�U�J�P�O �U�P �G�P�S�N �B �M�P�O�H���E�J�T�U�B�O�D�F �Q�S�F�E�J�D�U�P�S �P�G �U�I�F �O�F�Y�U �X�P�S�E�� ���J�T �B�Q�Q�S�P�B�D�I�
 �U�I�P�V�H�I
�J�O�T�Q�J�S�F�E �C�Z �T�L�J�Q �N�P�E�F�M�T�
 �J�T �N�P�S�F �D�V�T�U�P�N�J�[�B�C�M�F �B�T �J�U �B�M�M�P�X�T �U�I�F �F�Y�Q�P�O�F�O�U �Q�B�S�B�N�F�U�F�S�T �U�P �J�O��
�D�M�V�E�F �N�B�U�S�J�Y �C�B�T�F�E �G�P�S�N�V�M�B�U�J�P�O�T �B�O�E �O�P�U �C�F �D�P�O�T�U�S�B�J�O�F�E �P�O�M�Z �U�P �T�J�O�H�M�F �W�B�M�V�F�T �M�J�L�F �T�L�J�Q �N�P�E��
�F�M�T�� ���P�V�H�I �U�I�F �F�Y�Q�P�O�F�O�U�J�B�M �F�M�F�N�F�O�U �D�B�Q�U�V�S�F�T �U�I�F �M�B�U�F�O�U �� �U�P�Q�J�D�B�M �J�O�G�P�S�N�B�U�J�P�O �X�F�M�M�
 �U�I�F �F�G��
�G�F�D�U�T �B�S�F �U�P�P �T�V�C�U�M�F �U�P �D�B�Q�U�V�S�F �N�B�O�Z �T�J�N�Q�M�F �T�I�P�S�U���E�J�T�U�B�O�D�F �E�F�Q�F�O�E�F�O�D�J�F�T �	�T�Q�B�S�T�F �T�F�R�V�F�O�U�J�B�M
�E�F�U�B�J�M�T�
�� �*�O �P�S�E�F�S �U�P �N�B�L�F �U�I�F �N�P�E�F�M �S�J�D�I�F�S �J�O �T�Q�B�S�T�F �T�F�R�V�F�O�U�J�B�M �E�F�U�B�J�M�T�
 �N�Z �D�P�B�V�U�I�P�S�T �M�P�H��
�M�J�O�F�B�S�M�Z �D�P�N�C�J�O�F�E �U�I�F �M�P�O�H���E�J�T�U�B�O�D�F �D�P�N�Q�P�O�F�O�U �X�J�U�I �B�On���H�S�B�N �-�.�� �*�O �P�S�E�F�S �U�P �F�T�U�J�N�B�U�F
�U�I�F �Q�B�S�B�N�F�U�F�S�TE; vwk �B�O�ETk �
 �N�Z �D�P�B�V�U�I�P�S�T �V�T�F�E �U�I�F �T�U�P�D�I�B�T�U�J�D �H�S�B�E�J�F�O�U �E�F�T�D�F�O�U �B�M�H�P�S�J�U�I�N
�B�O�E �N�J�O�J�N�J�[�F �U�I�F �U�S�B�J�O�J�O�H �Q�F�S�Q�M�F�Y�J�U�Z �P�G �$�%�-�.��

������ �-�B�O�H�V�B�H�F �N�P�E�F�M�J�O�H �F�Y�Q�F�S�J�N�F�O�U�T

�$�P�S�Q�V�T�.�Z �D�P�B�V�U�I�P�S�T �U�S�B�J�O�F�E �B�O�E �F�W�B�M�V�B�U�F�E �U�I�F �M�B�O�H�V�B�H�F �N�P�E�F�M�T �P�O �U�I�F �1�F�O�O �5�S�F�F�C�B�O�L
�B�T �Q�S�F�Q�S�P�D�F�T�T�F�E �C�Z�$�I�B�S�O�J�B�L�	���������
 �V�T�J�O�H �U�I�F �U�S�B�E�J�U�J�P�O�B�M �E�J�W�J�T�J�P�O�T �P�G �U�I�F �D�P�S�Q�V�T�� �T�F�D�U�J�P�O�T
�������� �G�P�S �U�S�B�J�O�J�O�H �	�������, �U�P�L�F�O�T�
�
 �T�F�D�U�J�P�O�T ���������� �G�P�S �W�B�M�J�E�B�U�J�P�O �	�����, �U�P�L�F�O�T�
�
 �B�O�E �T�F�D�U�J�P�O�T
���������� �G�P�S �U�F�T�U�J�O�H �	�����, �U�P�L�F�O�T�
�� �%�F�T�Q�J�U�F �J�U�T ���O�B�M �W�P�D�B�C�V�M�B�S�Z �P�G ���
������ �X�P�S�E�T �B�O�E �P�W�F�S�B�M�M �T�N�B�M�M
�T�J�[�F�
 �U�I�J�T �Q�B�S�U�J�D�V�M�B�S �W�F�S�T�J�P�O �P�G �U�I�F �1�F�O�O �5�S�F�F�C�B�O�L �X�B�T �B �T�U�B�O�E�B�S�E �G�P�S �F�W�B�M�V�B�U�J�O�H �Q�F�S�Q�M�F�Y�J�U�J�F�T
�P�G �O�P�W�F�M �M�B�O�H�V�B�H�F �N�P�E�F�M�T�.�J�L�P�M�P�W �F�U �B�M���	���������
���$�I�F�O�H �F�U �B�M���	���������
�� ���F �T�N�B�M�M �T�J�[�F �N�B�L�F�T
�U�S�B�J�O�J�O�H �B�O�E �U�F�T�U�J�O�H �G�B�T�U�F�S�
 �C�V�U �B�M�T�P �N�B�L�F�T �E�F�N�P�O�T�U�S�B�U�J�O�H �E�J���F�S�F�O�D�F�T �J�O �Q�F�S�G�P�S�N�B�O�D�F �N�P�S�F
�E�J���D�V�M�U�� �1�S�F�T�F�O�U�M�Z�
 �U�I�J�T �D�P�S�Q�V�T �J�T �O�P�U �V�T�F�E �B�T �N�V�D�I �G�P�S �M�B�O�H�V�B�H�F �N�P�E�F�M �F�W�B�M�V�B�U�J�P�O �C�F�D�B�V�T�F
�U�I�F�S�F �J�T �B�O �F�Y�Q�F�D�U�F�E �D�F�J�M�J�O�H�� �U�I�F �Q�F�S�Q�M�F�Y�J�U�Z �N�B�Z �O�P�U �G�B�M�M �N�V�D�I �N�P�S�F �U�I�B�O �J�U �B�M�S�F�B�E�Z �I�B�T��

�&�Y�Q�F�S�J�N�F�O�U�B�M �4�F�U�V�Q�.�Z �D�P�B�V�U�I�P�S�T �D�P�O�T�U�S�V�D�U�F�E �Q�F�S�Q�M�F�Y�J�U�Z �F�Y�Q�F�S�J�N�F�O�U�T �B�T �B �X�B�Z �U�P �H�B�V�H�F
�U�I�F �B�N�P�V�O�U �P�G �i�L�O�P�X�M�F�E�H�F�w �U�I�F �$�%�-�.�T �B�D�R�V�J�S�F�E �E�V�S�J�O�H �U�S�B�J�O�J�O�H��

�*�O �P�S�E�F�S �U�P �F�T�U�B�C�M�J�T�I �U�I�F �N�P�T�U �D�P�N�Q�F�U�J�U�J�W�F �C�B�T�F�M�J�O�F�T�
 �U�I�F �3�/�/�-�.�T �U�S�B�J�O�F�E �J�O �U�I�F �F�Y�Q�F�S�J�N�F�O�U
�X�F�S�F �P�Q�U�J�N�J�[�F�E �G�P�S �O�V�N�C�F�S �P�G �D�M�B�T�T�F�T�� �3�F�D�B�M�M �U�I�B�U �U�I�F�T�F �D�M�B�T�T�F�T �K�V�T�U �B�J�E �U�I�F �O�P�S�N�B�M�J�[�B�U�J�P�O
�Q�S�P�D�F�T�T�
 �B�T �P�Q�Q�P�T�F�E �U�P �$�%�-�. �D�M�B�T�T�F�T�
 �X�I�J�D�I �G�P�S�N �B �W�F�S�Z �J�O�U�F�H�S�B�M �Q�B�S�U �P�G �U�I�F �N�P�E�F�M�� �*�G �D�M�B�T�T�F�T
�X�F�S�F �P�W�F�S�I�B�V�M�F�E �G�S�P�N �U�I�F �3�/�/�-�. �B�M�U�P�H�F�U�I�F�S�
 �U�S�B�J�O�J�O�H �X�P�V�M�E �U�B�L�F �N�V�D�I �M�P�O�H�F�S�
 �C�V�U �U�I�F
�Q�F�S�Q�M�F�Y�J�U�Z �S�F�T�V�M�U�T �X�P�V�M�E �C�F �T�M�J�H�I�U�M�Z �M�P�X�F�S�� �.�Z �D�P�B�V�U�I�P�S�T �G�P�V�O�E �U�I�B�U ���� �D�M�B�T�T�F�T �P�Q�U�J�N�J�[�F�E
�Q�F�S�Q�M�F�Y�J�U�Z �W�B�M�V�F�T �G�P�S �3�/�/�-�.�T �X�J�U�I ���� �B�O�E ������ �I�J�E�E�F�O �O�P�E�F�T�
 �B�O�E ���� �D�M�B�T�T�F�T �P�Q�U�J�N�J�[�F�E
�Q�F�S�Q�M�F�Y�J�U�Z �W�B�M�V�F�T �G�P�S �3�/�/�-�.�T �X�J�U�I ������ �O�P�E�F�T�� ���F�T�F �N�P�E�F�M�T �X�F�S�F �U�S�B�J�O�F�E �V�T�J�O�H �U�I�F �G�S�F�F�M�Z
�B�W�B�J�M�B�C�M�F �3�/�/�-�. �U�P�P�M�L�J�U�
 �W�F�S�T�J�P�O �������C�
 �X�J�U�I �U�I�F�@�`���M�/�@�b�2�2�/ �R�B�O�E�@�#�T�i�i �j�B�S�H�V�N�F�O�U�T��

���F n���H�S�B�N �N�P�E�F�M�T �V�T�F�E �X�F�S�F �U�S�B�J�O�F�E �X�J�U�I �4�3�*�-�. �	�4�U�P�M�D�L�F�
���������
�� ���F�Z �X�F�S�F �B �V�O�J���F�E
�T�N�P�P�U�I�J�O�H �����H�S�B�N �	�6�O�J�4�U�
 �B�O�E �B�O �J�O�U�F�S�Q�P�M�B�U�F�E �N�P�E�J���F�E �,�O�F�T�F�S���/�F�Z �����H�S�B�N �	�,�/ �
�� ���F
�,�/ �N�P�E�F�M �X�B�T �U�S�B�J�O�F�E �X�J�U�I �U�I�F �G�P�M�M�P�X�J�O�H �B�S�H�V�N�F�O�U�T���@�Q�`�/�2�` �8 �@�;�i�k�K�B�M �R �@�;�i�9�K�B�M �R
�@�;�i�j�K�B�M �R �@�F�M�/�B�b�+�Q�m�M�i �@�B�M�i�2�`�T�Q�H���i�2��



�������� �3�F�T�V�M�U�T �B�O�E �%�J�T�D�V�T�T�J�P�O ����

�$�%�-�. �V�T�F�T �U�I�F �V�O�J���F�E���T�N�P�P�U�I�J�O�H �����H�S�B�N �B�T �U�I�F �T�I�P�S�U���E�J�T�U�B�O�D�F �E�F�Q�F�O�E�F�O�D�Z �D�P�N�Q�P�O�F�O�U
�P�G �J�U�T �N�P�E�F�M �B�O�E �U�I�F �M�P�O�H���E�J�T�U�B�O�D�F �	�F�Y�Q�P�O�F�O�U�J�B�M�
 �F�M�F�N�F�O�U �P�G �U�I�F �N�P�E�F�M �D�P�O�T�J�E�F�S�T �V�Q �U�P ���W�F
�X�P�S�E�T �B���F�S �U�I�F �U�S�J�H�S�B�N��

���F �M�F�B�S�O�J�O�H �S�B�U�F �	� �
 �B�E�B�Q�U�B�U�J�P�O �T�D�I�F�N�F �X�B�T �N�B�O�B�H�F�E �C�Z �U�I�F �B�E�B�Q�U�J�W�F �H�S�B�E�J�F�O�U �N�F�U�I�P�E�T
�%�V�D�I�J�
 �)�B�[�B�O�
 �B�O�E �4�J�O�H�F�S�	���������
�� �"���F�S �P�Q�U�J�N�J�[�J�O�H �P�O �U�I�F �E�F�W�F�M�P�Q�N�F�O�U �T�F�U�
� �X�B�T ���Y�F�E �U�P
0:1 �B�O�E �U�I�F �E�J�N�F�O�T�J�P�O�B�M�J�U�Z �P�G �U�I�F �M�B�U�F�O�U �T�Q�B�D�FC �X�B�T ���Y�F�E �B�U45��

�8�I�J�M�F �C�V�J�M�E�J�O�H �$�%�-�.�T�
 �N�Z �D�P�B�V�U�I�P�S�T ���S�T�U �U�S�B�J�O�F�E �B �$�%�-�.M = 4 �B�O�E �S�F�V�T�F�E �J�U�T �D�P�O��
�T�U�J�U�V�F�O�U �Q�B�S�B�N�F�U�F�S�TE �B�O�Ev �U�P �C�V�J�M�E �$�%�-�.M = 5�
 �P�O�M�Z �V�Q�E�B�U�J�O�HTk �X�I�J�M�F �U�S�B�J�O�J�O�H�� ���J�T
�Q�S�P�D�F�T�T �J�U�F�S�B�U�F�E �V�Q �U�PM = 8��

������ �3�F�T�V�M�U�T �B�O�E �%�J�T�D�V�T�T�J�P�O

���������� �$�%�-�. �S�P�C�V�T�U�O�F�T�T �B�O�B�M�Z�T�J�T

�'�J�H�V�S�F ���������	�-�F���
 �1�F�S�Q�M�F�Y�J�U�Z �W�F�S�T�V�T �O�V�N�C�F�S �P�G �D�M�B�T�T�F�T �	�$�
 �J�O �$�%�-�.�� �	�3�J�H�I�U�
 �4�Q�B�S�T�F�O�F�T�T �P�G
�$�%�-�.���T �U�S�B�O�T�G�P�S�N�F�E �X�P�S�E �T�Q�B�D�F �	Tlvwl �
 �N�F�B�T�V�S�F�E �B�U �E�J���F�S�F�O�U �U�I�S�F�T�I�P�M�E �	t�
 �W�F�S��
�T�V�T �J�U�T �D�P�O�U�F�Y�U �T�J�[�F��M �S�F�Q�S�F�T�F�O�U�F�E �U�I�F �M�P�O�H���E�J�T�U�B�O�D�F �I�J�T�U�P�S�Z �T�J�[�F��

�$�%�-�.�T �T�I�P�X�F�E �S�P�C�V�T�U �W�B�S�J�B�U�J�P�O �P�G �Q�F�S�Q�M�F�Y�J�U�Z �X�J�U�I �D�I�B�O�H�F�T �J�O �D�M�B�T�T�F�T�
 �B�T �T�I�P�X�O �J�O �'�J�H��
�V�S�F�������� ���F �Q�F�S�Q�M�F�Y�J�U�Z �W�B�M�V�F�T �E�F�D�S�F�B�T�F�E �N�P�O�P�U�P�O�J�D�B�M�M�Z �X�J�U�I �J�O�D�S�F�B�T�J�O�H �D�M�B�T�T�F�T�
 �B�T �F�Y�Q�F�D�U�F�E
�T�J�O�D�F �F�B�D�I �J�O�D�S�F�B�T�F �J�O �D�M�B�T�T �D�S�F�B�U�F�E �N�P�S�F �Q�B�S�B�N�F�U�F�S�T �U�I�B�U �D�B�O �C�F �U�V�O�F�E�� �/�P�U�F �U�I�B�U �N�P�W�J�O�H
�G�S�P�NM = 4 �U�PM = 5 �E�P�V�C�M�F�E �U�I�F �O�V�N�C�F�S �P�GTk �N�B�U�S�J�D�F�T�
 �X�I�J�D�I �D�B�V�T�F�E �U�I�F �M�B�S�H�F �Q�F�S�Q�M�F�Y��
�J�U�Z �E�S�P�Q��

�"�M�P�O�H �X�J�U�I �U�I�F �S�P�C�V�T�U�O�F�T�T �T�I�P�X�O �C�Z �$�%�-�.�T�
 �U�I�F �M�P�H���M�J�O�F�B�S �G�P�S�N�V�M�B�U�J�P�O �P�G �$�%�-�.�T �B�M�M�P�X�F�E
�B �G�P�M�M�P�X���V�Q �T�U�V�E�Z �P�O �U�I�F �T�Q�B�S�T�F�O�F�T�T �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�E �X�P�S�E �T�Q�B�D�F �N�B�U�S�J�D�F�T �S�F�Q�S�F�T�F�O�U�F�E
�C�ZTkvwk �G�P�S �E�J���F�S�F�O�U �E�J�T�U�B�O�D�F�T�� �.�Z �D�P�B�V�U�I�P�S�T �N�F�B�T�V�S�F�E �T�Q�B�S�T�F�O�F�T�T �C�Z �D�P�V�O�U�J�O�H �U�I�F �N�B��
�U�S�J�Y �F�O�U�S�J�F�T �C�F�M�P�X �B �H�J�W�F�O �U�I�S�F�T�I�P�M�E�� �#�Z �U�I�J�T �N�F�B�T�V�S�F�
 �B �N�P�S�F �T�Q�B�S�T�F �N�B�U�S�J�Y �X�J�M�M �I�B�W�F �M�B�S�H�F
�O�V�N�C�F�S �P�G �F�O�U�S�J�F�T �C�F�M�P�X �U�I�F �U�I�S�F�T�I�P�M�E �U�I�B�O �B �M�F�T�T �T�Q�B�S�T�F �N�B�U�S�J�Y�� �.�Z �D�P�B�V�U�I�P�S�T �Q�M�P�U�U�F�E �U�I�F
�W�B�S�J�B�U�J�P�O �P�G �U�I�F �T�Q�B�S�T�F�O�F�T�T �G�P�STkvwk �N�B�U�S�J�D�F�T �G�P�S �E�J���F�S�F�O�U �U�I�S�F�T�I�P�M�E�T �B�H�B�J�O�T�U �U�I�F �D�P�O�U�F�Y�U
�T�J�[�F �P�G �$�%�-�. �J�O �'�J�H�V�S�F�������� �*�O �N�P�T�U �D�B�T�F�T�
 �N�Z �D�P�B�V�U�I�P�S�T �B�O�E �* �P�C�T�F�S�W�F�E �U�I�B�U �B�T �U�I�F �D�P�O�U�F�Y�U



���� ���� �-�B�O�H�V�B�H�F �N�P�E�F�M�T �D�B�O �N�J�N�J�D �I�V�N�B�O �C�V�S�T�U�J�O�F�T�T

�T�J�[�F �J�O�D�S�F�B�T�F�E�
 �U�I�F �U�S�B�O�T�J�U�J�P�O �N�B�U�S�J�D�F�T �I�B�E �G�F�X�F�S �F�O�U�S�J�F�T �C�F�M�P�X �U�I�F �U�I�S�F�T�I�P�M�E�
 �N�B�L�J�O�H �U�I�F�N
�M�F�T�T �T�Q�B�S�T�F�� ���F�S�F�G�P�S�F�
 �N�Z �D�P�B�V�U�I�P�S�T �B�O�E �* �D�M�B�J�N�F�E �U�I�B�U �U�I�J�T �N�B�U�S�J�Y �G�P�S�N�V�M�B�U�J�P�O �B�M�M�F�W�J�B�U�F�E
�U�I�F �T�Q�B�S�T�F�O�F�T�T �Q�S�P�C�M�F�N �B�O�E �B�M�T�P �B�M�M�P�X�F�E �U�I�F �F�Y�Q�P�O�F�O�U �Q�B�S�U �U�P �D�B�Q�U�V�S�F �M�B�U�F�O�U �J�O�G�P�S�N�B�U�J�P�O��

�-�. �3�B�O�H�F�)�J�E�E�F�O�1�1�- �/�P�1
�6�O�J�4�U 3 �� ���������� �������.

4 ����������
5 ����������

�4�L�J�Q 6 �� ���������� �������.
7 ����������
8 ����������

�,�/ �� �� ���������� �������.

50 ���������� �������.
�3�/�/�-�. 1 145 ���������� �������.

500 ���������� ���������.
4 ����������
5 ����������

�$�%�-�. 6 45 ���������� �������.
7 ����������
8 ����������

5 + 4 ����������
5 + 5 ����������

�,�/���$�%�-�. 5 + 6 45 ���������� �������.
5 + 7 ����������
5 + 8 ����������

�,�/���3�/�/�-�. 5 + 1 50 ���������� �������.
�$�%�-�.���3�/�/�-�. 7 + 1 45 + 50 ���������� �������.

�5�B�C�M�F ���������5�F�T�U �T�F�U �Q�F�S�Q�M�F�Y�J�U�Z �	�1�1�-�
 �B�O�E �U�P�U�B�M �O�V�N�C�F�S �P�G �Q�B�S�B�N�F�U�F�S�T �	�1�"�3�
 �G�P�S �F�B�D�I �-�.��

���������� �1�F�S�Q�M�F�Y�J�U�Z �S�F�T�V�M�U�T

�5�B�C�M�F�������Q�S�F�T�F�O�U�T �B �D�P�N�Q�B�S�J�T�P�O �P�G �$�%�-�. �X�J�U�I �E�J���F�S�F�O�U �M�B�O�H�V�B�H�F �N�P�E�F�M�T �P�O �U�I�F �C�B�T�J�T �P�G
�U�I�F�J�S �U�P�U�B�M �O�V�N�C�F�S�T �P�G �Q�B�S�B�N�F�U�F�S�T �B�O�E �U�I�F�J�S �Q�F�S�Q�M�F�Y�J�U�J�F�T�� �"�T �T�I�P�X�O�
 �T�L�J�Q �N�P�E�F�M�T �	�T�L�J�Q�
 �P�V�U��
�Q�F�S�G�P�S�N�F�E �U�I�F �V�O�J���F�E �T�N�P�P�U�I�J�O�H �����H�S�B�N �	�6�O�J�4�U���
 �B�T �U�I�F�Z �I�B�E �N�P�S�F �Q�B�S�B�N�F�U�F�S�T �B�O�E �I�F�O�D�F�

�F�O�D�P�E�F�E �N�P�S�F �J�O�G�P�S�N�B�U�J�P�O �P�W�F�S �M�B�S�H�F �E�J�T�U�B�O�D�F�T��

�$�%�-�.�P�V�U�Q�F�S�G�P�S�N�F�E�6�O�J�4�U���C�F�D�B�V�T�F �P�G �T�Q�B�O�O�J�O�H �M�B�S�H�F�S �D�P�O�U�F�Y�U �T�J�[�F �B�O�E �H�S�F�B�U�F�S �O�V�N�C�F�S �P�G
�Q�B�S�B�N�F�U�F�S�T �B�U �J�U�T �E�J�T�Q�P�T�B�M���$�%�-�.�����B�M�T�P �P�V�U�Q�F�S�G�P�S�N�F�E �U�I�F�4�L�J�Q�N�P�E�F�M�T�� �*�O �G�B�D�U�
 �J�O�D�S�F�B�T�J�O�H



�������� �$�P�O�D�M�V�T�J�P�O ����

�U�I�F �D�P�O�U�F�Y�U �T�J�[�F �P�G�4�L�J�Q�U�P �F�J�H�I�U �X�P�S�E�T �P�C�U�B�J�O�F�E �B �Q�F�S�Q�M�F�Y�J�U�Z �P�G �����������
 �X�I�J�D�I �X�B�T �T�U�J�M�M �M�F�T�T
�U�I�B�O �U�I�F �$�%�-�. �Q�F�S�Q�M�F�Y�J�U�Z �P�G ���������� �G�P�S �B �D�P�O�U�F�Y�U �T�J�[�F �P�G �G�P�V�S �X�P�S�E�T�� �"�M�T�P�
�4�L�J�Q�S�F�R�V�J�S�F�E ������
�N�J�M�M�J�P�O �Q�B�S�B�N�F�U�F�S�T �X�I�J�D�I �X�B�T �N�P�S�F �U�I�B�O �B �U�I�J�S�E �H�S�F�B�U�F�S �U�I�B�O �U�I�P�T�F �S�F�R�V�J�S�F�E �U�P �C�V�J�M�E �U�I�F
�T�F�W�F�O���X�P�S�E �$�%�-�.�� �"�M�T�P�
�$�%�-�.�X�B�T �B�C�M�F �U�P �Q�F�S�G�P�S�N �C�F�U�U�F�S �U�I�B�O�,�/ �X�J�U�I �G�F�X�F�S �O�V�N�C�F�S
�P�G �Q�B�S�B�N�F�U�F�S�T�� �8�I�F�O �D�P�N�C�J�O�J�O�H�$�%�-�.�X�J�U�I�,�/ �
 �J�O�D�S�F�B�T�J�O�H �U�I�F �D�P�O�U�F�Y�U �T�J�[�F �G�P�S �$�%�-�.
�P�C�U�B�J�O�F�E �Q�S�P�H�S�F�T�T�J�W�F�M�Z���C�F�U�U�F�S �Q�F�S�G�P�S�N�B�O�D�F �U�I�B�O�,�/ ��

���F �F�Y�Q�F�S�J�N�F�O�U�T �G�V�S�U�I�F�S �D�P�N�Q�B�S�F�E �$�%�-�.�T �X�J�U�I �3�/�/�-�.�T�� �"�O �3�/�/�-�. �X�J�U�I ������ �I�J�E�E�F�O
�O�P�E�F�T �I�B�E �B�C�P�V�U �U�I�F �T�B�N�F �O�V�N�C�F�S �P�G �Q�B�S�B�N�F�U�F�S�T �B�T�$�%�-�.�B�O�E �Q�F�S�G�P�S�N�F�E ������ �Q�F�S�Q�M�F�Y�J�U�Z
�Q�P�J�O�U�T �X�P�S�T�F �U�I�B�O�$�%�-�.�� �*�O�D�S�F�B�T�J�O�H �U�I�F �I�J�E�E�F�O �V�O�J�U�T �G�P�S �3�/�/�-�. �U�P ������ �M�F�E �U�P �U�I�F �C�F�T�U
�Q�F�S�G�P�S�N�J�O�H �3�/�/�-�.�� ���J�T �D�B�N�F �B�U �B �D�P�T�U �P�G �V�T�J�O�H �B �M�P�U �P�G �Q�B�S�B�N�F�U�F�S�T�� �5�P �Q�S�P�E�V�D�F �C�F�U�U�F�S
�Q�F�S�G�P�S�N�J�O�H �M�B�O�H�V�B�H�F �N�P�E�F�M�T �X�J�U�I �G�F�X�F�S �Q�B�S�B�N�F�U�F�S�T�
 �N�Z �D�P�B�V�U�I�P�S�T �D�P�O�T�U�S�V�D�U�F�E �B�O �3�/�/�-�.
�X�J�U�I ���� �I�J�E�E�F�O �V�O�J�U�T�
 �X�I�J�D�I �X�I�F�O �M�J�O�F�B�S�M�Z �D�P�N�C�J�O�F�E �X�J�U�I�$�%�-�.�	�$�%�-�.���3�/�/�-�. �
 �P�V�U��
�Q�F�S�G�P�S�N�F�E �U�I�F �C�F�T�U�3�/�/�-�. �V�T�J�O�H �M�F�T�T �U�I�B�O �I�B�M�G �B�T �N�B�O�Z �Q�B�S�B�N�F�U�F�S�T�� �*�U �F�W�F�O �O�P�N�J�O�B�M�M�Z
�P�V�U�Q�F�S�G�P�S�N�F�E �U�I�F �D�P�N�C�J�O�B�U�J�P�O �P�G�,�/ �B�O�E�3�/�/�-�. �V�T�J�O�H �G�F�X�F�S �Q�B�S�B�N�F�U�F�S�T�
 �C�V�U �U�I�J�T �E�J���F�S��
�F�O�D�F �X�B�T �M�J�L�F�M�Z �O�P�U �T�J�H�O�J���D�B�O�U�� �$�P�N�C�J�O�B�U�J�P�O�T �P�G �U�I�F �U�I�S�F�F �E�J���F�S�F�O�U �-�.�T �E�J�E �O�P�U �S�F�T�V�M�U �J�O
�B�O�Z �M�B�S�H�F �J�N�Q�S�P�W�F�N�F�O�U�T�
 �T�V�H�H�F�T�U�J�O�H �U�I�B�U �U�I�F�S�F �X�B�T �S�F�E�V�O�E�B�O�D�Z �J�O �U�I�F �J�O�G�P�S�N�B�U�J�P�O �T�Q�S�F�B�E
�P�W�F�S �U�I�F�T�F �U�I�S�F�F �U�Z�Q�F�T �P�G �M�B�O�H�V�B�H�F �N�P�E�F�M�T��

�'�J�O�B�M�M�Z�
 �N�Z �D�P�B�V�U�I�P�S�T �B�O�E �* �P�C�T�F�S�W�F�E �U�I�B�U �U�I�F �J�O�D�S�F�B�T�F �J�O �Q�B�S�B�N�F�U�F�S�T �E�J�E �O�P�U �B�M�X�B�Z�T �M�F�B�E �U�P
�C�F�U�U�F�S �Q�F�S�G�P�S�N�B�O�D�F�
 �G�P�S �F�Y�B�N�Q�M�F�
 �X�I�J�M�F �D�P�N�Q�B�S�J�O�H �B�4�L�J�Q�N�P�E�F�M �X�J�U�I�$�%�-�.�� ���J�T �J�O�D�S�F�B�T�F
�D�B�O �C�F �B�U�U�S�J�C�V�U�F�E �U�P �U�I�F �S�J�D�I�F�S �G�P�S�N�V�M�B�U�J�P�O �P�G�$�%�-�.�� �*�O�D�S�F�B�T�J�O�H �Q�B�S�B�N�F�U�F�S�T �G�P�S�$�%�-�.���,�/
�E�J�E �O�P�U �B�M�T�P �M�F�B�E �U�P �B �C�F�U�U�F�S �Q�F�S�G�P�S�N�B�O�D�F �B�H�B�J�O�T�U �U�I�F �G�F�X�F�S���Q�B�S�B�N�F�U�F�S�T�$�%�-�.���3�/�/�-�. ��
�.�Z �D�P�B�V�U�I�P�S�T �B�O�E �* �B�M�T�P �P�C�T�F�S�W�F�E �U�I�J�T �G�P�S�$�%�-�.���,�/ �B�O�E�,�/���3�/�/�-�. �� �*�O �U�I�J�T �D�B�T�F�
 �N�Z
�D�P�B�V�U�I�P�S�T �B�O�E �* �T�V�T�Q�F�D�U�F�E �U�I�B�U �U�I�F �M�P�X�F�S �Q�F�S�G�P�S�N�B�O�D�F �X�B�T �E�V�F �U�P �$�%�-�.���T �M�B�D�L �P�G �S�F�D�V�S�T�J�W�F
�D�P�O�O�F�D�U�J�P�O�T �X�I�J�D�I �G�P�S�N �B�O �J�O�U�F�H�S�B�M �Q�B�S�U �P�G �3�/�/�-�.�T�� �#�V�U �J�U �X�B�T �O�P�U�F�X�P�S�U�I�Z �U�I�B�U �$�%�-�.�T�

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

������ �$�P�O�D�M�V�T�J�P�O

�*�O �U�I�J�T �D�I�B�Q�U�F�S�
 �* �Q�S�F�T�F�O�U�F�E �U�I�F �$�V�T�U�P�N �%�F�D�B�Z �-�B�O�H�V�B�H�F �.�P�E�F�M �	�$�%�-�.�
�
 �J�O�T�Q�J�S�F�E �C�Z �T�L�J�Q
�N�P�E�F�M�T�� �M�P�H���M�J�O�F�B�S �U�F�D�I�O�J�R�V�F �P�G �E�J�W�J�E�J�O�H �D�P�O�U�F�Y�U �J�O�U�P �T�N�B�M�M�F�S �C�J�H�S�B�N�T �B�O�E �U�I�F�O �S�F�D�P�N�C�J�O��
�J�O�H �U�I�F�N�� �*�O �D�P�O�U�S�B�T�U �X�J�U�I �T�L�J�Q �N�P�E�F�M�T�
 �$�%�-�.�T �V�T�F�E �B �S�J�D�I�F�S �G�P�S�N�V�M�B�U�J�P�O �C�Z �F�N�Q�M�P�Z�J�O�H �B
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���F �H�P�B�M �P�G �B �M�B�O�H�V�B�H�F �N�P�E�F�M �J�T �U�P �F�T�U�J�N�B�U�F �U�I�F �Q�S�P�C�B�C�J�M�J�U�Z �E�J�T�U�S�J�C�V�U�J�P�Op(wT
1 ) �P�G �X�P�S�E �T�F��

�R�V�F�O�D�F�TwT
1 = w1; : : : ; wT �� �6�T�J�O�H �U�I�F �D�I�B�J�O �S�V�M�F�
 �U�I�J�T �E�J�T�U�S�J�C�V�U�J�P�O �D�B�O �C�F �F�Y�Q�S�F�T�T�F�E �B�T

p(wT
1 ) =

TY

t=1

p(wt j wt �¦1
1 ) �	�������


���F �S�F�T�U �P�G �U�I�J�T �T�F�D�U�J�P�O �T�I�P�X�T �I�P�X �'�/�/ �B�O�E �3�/�/ �B�S�F �V�T�F�E �U�P �B�Q�Q�S�P�Y�J�N�B�U�F �U�I�J�T �Q�S�P�C�B�C�J�M�J�U�Z
�E�J�T�U�S�J�C�V�U�J�P�O��

���������� �'�F�F�E�G�P�S�X�B�S�E �O�F�V�S�B�M �O�F�U�X�P�S�L�T

�4�J�N�J�M�B�S�M�Z �U�Pn���H�S�B�N �N�P�E�F�M�T�
 �'�/�/ �V�T�F�T �U�I�F �.�B�S�L�P�W �B�T�T�V�N�Q�U�J�P�O �P�G �P�S�E�F�Sn� 1�U�P �B�Q�Q�S�P�Y�J�N�B�U�F
p(wT

1 ) �B�D�D�P�S�E�J�O�H �U�P

p(wT
1 ) �

TY

t=1

p(wt j wt �¦1
t �¦n+1 ) �	�������


�4�V�C�T�F�R�V�F�O�U�M�Z�
 �F�B�D�I �P�G �U�I�F �U�F�S�N�T �J�O�W�P�M�W�F�E �J�O �U�I�J�T �Q�S�P�E�V�D�U�
 �J���F��p(wt j wt �¦1
t �¦n+1 )�
 �J�T �F�T�U�J�N�B�U�F�E�


�T�F�Q�B�S�B�U�F�M�Z�
 �J�O �B �T�J�O�H�M�F �C�P�U�U�P�N���V�Q �F�W�B�M�V�B�U�J�P�O �P�G �U�I�F �O�F�U�X�P�S�L �B�D�D�P�S�E�J�O�H �U�P

Pt �¦i = X t �¦i � U; i = n�¦1; : : : ; 1 �	�������


H t = f

 
n�¦1X

i =1

Pt �¦i � Vi

!

�	�������


Ot = g(H t � W) �	�������




�������� �/�F�V�S�B�M �O�F�U�X�P�S�L �M�B�O�H�V�B�H�F �N�P�E�F�M�T ����

X t �¦i �J�T �B �P�O�F���I�P�U �F�O�D�P�E�J�O�H �P�G �U�I�F �X�P�S�Ewt �¦i �
 �X�I�F�S�F�B�T �U�I�F �S�P�X�T �P�GU �F�O�D�P�E�F �U�I�F �D�P�O�U�J�O�V��
�P�V�T �X�P�S�E �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �	�J���F�� �F�N�C�F�E�E�J�O�H�T�
�� ���V�T�
Pt �¦i �J�T �U�I�F �D�P�O�U�J�O�V�P�V�T �S�F�Q�S�F�T�F�O�U�B�U�J�P�O �P�G
�U�I�F �X�P�S�Ewt �¦i �� W �B�O�EV = [ V1; : : : ; Vn�¦1] �B�S�F �U�I�F �O�F�U�X�P�S�L �D�P�O�O�F�D�U�J�P�O �X�F�J�H�I�U�T�
 �X�I�J�D�I �B�S�F
�M�F�B�S�O�F�E �E�V�S�J�O�H �U�S�B�J�O�J�O�H �J�O �B�E�E�J�U�J�P�O �U�PU�� �.�P�S�F�P�W�F�S�
f (�) �J�T �B�O �B�D�U�J�W�B�U�J�P�O �G�V�O�D�U�J�P�O�
 �X�I�F�S�F�B�T
g(�) �J�T �U�I�F �T�P���N�B�Y �G�V�O�D�U�J�P�O�� �'�J�H�V�S�F�������	�M�F���
 �T�I�P�X�T �B�O �F�Y�B�N�Q�M�F �P�G �B�O �'�/�/ �X�J�U�I �B ���Y�F�E
�D�P�O�U�F�Y�U �T�J�[�Fn�¦1 = 3 �X�J�U�I �B �T�J�O�H�M�F �I�J�E�E�F�O �M�B�Z�F�S��

�'�J�H�V�S�F ���������'�/�/ �W�F�S�T�V�T �3�/�/ �B�S�D�I�J�U�F�D�U�V�S�F��

���������� �3�F�D�V�S�S�F�O�U �O�F�V�S�B�M �O�F�U�X�P�S�L�T

�"�O �3�/�/ �B�U�U�F�N�Q�U�T �U�P �D�B�Q�U�V�S�F �U�I�F �D�P�N�Q�M�F�U�F �I�J�T�U�P�S�Z �J�O �B �D�P�O�U�F�Y�U �W�F�D�U�P�Sht �
 �X�I�J�D�I �S�F�Q�S�F�T�F�O�U�T
�U�I�F �T�U�B�U�F �P�G �U�I�F �O�F�U�X�P�S�L �B�O�E �F�W�P�M�W�F�T �J�O �U�J�N�F�� ���F�S�F�G�P�S�F�
 �J�U �B�Q�Q�S�P�Y�J�N�B�U�F�Tp(wT

1 ) �B�D�D�P�S�E�J�O�H �U�P

p(wT
1 ) �

TY

t=1

p(wt j wt �¦1; ht �¦1) =
TY

t=1

p(wt j ht ) �	�������


�3�/�/ �F�W�B�M�V�B�U�F�T �U�I�J�T �E�J�T�U�S�J�C�V�U�J�P�O �T�J�N�J�M�B�S�M�Z �U�P �'�/�/�� ���F �N�B�J�O �E�J���F�S�F�O�D�F �P�D�D�V�S�T �J�O �&�R�V�B�U�J�P�O�T
�������B�O�E�������X�I�J�D�I �B�S�F �D�P�N�C�J�O�F�E �J�O�U�P

H t = f (X t �¦1 � U + H t �¦1 � V ) �	�������


�'�J�H�V�S�F�������	�S�J�H�I�U�
 �T�I�P�X�T �B�O �F�Y�B�N�Q�M�F �P�G �B �T�U�B�O�E�B�S�E �3�/�/�� ���F �O�F�Y�U �T�F�D�U�J�P�O �X�J�M�M �T�I�P�X �I�P�X
�B�O �3�/�/ �D�B�O �C�F �F�Y�U�F�O�E�F�E �U�P �F�Y�Q�M�J�D�J�U�M�Z �N�P�E�F�M �T�I�P�S�U �S�B�O�H�F �E�F�Q�F�O�E�F�O�D�J�F�T �U�I�S�P�V�H�I �B�E�E�J�U�J�P�O�B�M
�T�F�R�V�F�O�U�J�B�M �D�P�O�O�F�D�U�J�P�O�T��



���� ���� �-�B�O�H�V�B�H�F �N�P�E�F�M�T �D�B�O �N�B�L�F �T�Q�F�D�J�B�M�J�[�F�E �N�F�B�O�J�O�H �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �P�G �X�P�S�E�T

������ �4�F�R�V�F�O�U�J�B�M �3�F�D�V�S�S�F�O�U �/�F�V�S�B�M �/�F�U�X�P�S�L

���F �N�B�J�O �E�J���F�S�F�O�D�F �C�F�U�X�F�F�O �B�O �3�/�/ �B�O�E �B�O �'�/�/ �J�T �U�I�F �D�P�O�U�F�Y�U �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�� �.�P�S�F �Q�S�F��
�D�J�T�F�M�Z�
 ���F �D�P�O�U�F�Y�U �M�B�Z�F�SH t �P�G �B�O �'�/�/ �J�T �F�T�U�J�N�B�U�F�E �C�B�T�F�E �P�O �B ���Y�F�E �D�P�O�U�F�Y�U �T�J�[�F �J���F�� �U�I�F �M�B�T�U
n�¦1 �X�P�S�E�T�
 �X�I�F�S�F�B�T �J�O �B�O �3�/�/�
H t �J�T �D�P�O�T�U�B�O�U�M�Z �V�Q�E�B�U�F�E �	�B�U �F�B�D�I �U�J�N�F �J�U�F�S�B�U�J�P�O�
 �V�T�J�O�H �P�O�M�Z
�U�I�F �M�B�T�U �X�P�S�E �B�O�E �D�P�O�U�F�Y�U �B�U �U�J�N�Ft�¦1��

���������� ���F �4�3�/�/ �O�F�V�S�B�M �B�S�D�I�J�U�F�D�U�V�S�F

�.�Z �D�P�B�V�U�I�P�S�T �B�O�E �* �E�F�W�F�M�P�Q�F�E �4�3�/�/ �B�T �B�O �B�S�D�I�J�U�F�D�U�V�S�F �X�I�J�D�I �D�B�Q�U�V�S�F�T �T�I�P�S�U �S�B�O�H�F �E�F�Q�F�O��
�E�F�O�D�J�F�T �P�W�F�S �U�I�F �M�B�T�Un�¦1 �X�P�S�E �Q�P�T�J�U�J�P�O�T �B�T �J�U �J�T �E�P�O�F �J�O �'�/�/�
 �B�O�E �U�I�F �M�P�O�H �S�B�O�H�F �D�P�O�U�F�Y�U
�U�I�S�P�V�H�I �S�F�D�V�S�S�F�O�D�F�
 �T�J�N�J�M�B�S�M�Z �U�P �3�/�/�� ���F �E�F�T�J�H�O �P�G �U�I�J�T �T�U�S�V�D�U�V�S�F �J�T �N�P�U�J�W�B�U�F�E �C�Z �U�I�F �J�O��
�F���D�J�F�O�D�Z �P�G �3�/�/ �U�P �N�P�E�F�M �Q�P�T�J�U�J�P�O �E�F�Q�F�O�E�F�O�U �Q�B�U�U�F�S�O�T�
 �X�I�J�D�I �B�S�F �Q�B�S�U�J�D�V�M�B�S�M�Z �G�S�F�R�V�F�O�U �J�O
�D�P�O�W�F�S�T�B�U�J�P�O�B�M �T�Q�F�F�D�I�� �* �B�T�T�F�S�U �U�I�B�U �B�O �3�/�/ �M�P�T�F�T �J�O�G�P�S�N�B�U�J�P�O �B�C�P�V�U �X�P�S�E �Q�P�T�J�U�J�P�O �R�V�J�D�L�M�Z
�B�O�E �U�I�F�S�F�G�P�S�F �D�B�O�O�P�U �F���D�J�F�O�U�M�Z �N�P�E�F�M �T�I�P�S�U �S�B�O�H�F �E�F�Q�F�O�E�F�O�D�J�F�T�� �'�/�/ �B�O�En���H�S�B�N �N�P�E��
�F�M�T�
 �I�P�X�F�W�F�S�
 �B�S�F �E�F�T�J�H�O�F�E �B�T �Q�P�T�J�U�J�P�O���E�F�Q�F�O�E�F�O�U �N�P�E�F�M�T�
 �X�I�J�D�I �E�F�B�M �P�O�M�Z �X�J�U�I �T�I�P�S�U���U�F�S�N
�D�P�O�U�F�Y�U�� �&�Y�U�F�O�E�J�O�H �3�/�/ �T�U�S�V�D�U�V�S�F �U�P �S�F�Q�S�F�T�F�O�U �U�I�F �T�I�P�S�U �U�F�S�N �I�J�T�U�P�S�Z �F�Y�Q�M�J�D�J�U�M�Z �B�T �J�U �J�T �E�P�O�F
�J�O �'�/�/ �X�J�M�M �I�F�M�Q �J�N�Q�S�P�W�F �U�I�F �N�P�E�F�M�J�O�H �P�G �T�I�P�S�U �S�B�O�H�F �D�P�O�U�F�Y�U�
 �B�T �J�U �X�J�M�M �B�M�M�P�X �U�I�F �O�F�U�X�P�S�L
�U�P �D�B�Q�U�V�S�F �B�O�Z �S�F�T�J�E�V�B�M �� �B�E�E�J�U�J�P�O�B�M �D�P�O�U�F�Y�U �J�O�G�P�S�N�B�U�J�P�O �U�I�B�U �N�B�Z �C�F �Q�S�F�T�F�O�U �J�O �U�I�F �Q�B�T�U
i = t�¦n + 1; : : : ; t�¦2 �U�J�N�F �J�U�F�S�B�U�J�P�O�T �C�V�U �X�I�J�D�I �N�B�Z �I�B�W�F �C�F�F�O �M�P�T�U �E�V�S�J�O�H �U�I�F �M�B�T�U �D�P�O�U�F�Y�U
�V�Q�E�B�U�F�
 �X�I�J�D�I �J�T �C�B�T�F�E �P�O�M�Z �P�O �U�I�F �M�B�T�U �X�P�S�E �B�Ut�¦1 �	�T�F�F �J�M�M�V�T�U�S�B�U�J�P�O �J�O �'�J�H�V�S�F�������
�� �*�O �U�I�F
�X�P�S�T�U �D�B�T�F �T�D�F�O�B�S�J�P�
 �U�I�F �D�P�O�U�F�Y�U �J�O�G�P�S�N�B�U�J�P�O �X�J�M�M �C�F �T�J�N�Q�M�Z �S�F�E�V�O�E�B�O�U �B�O�E �J�T �F�Y�Q�F�D�U�F�E �O�P�U
�U�P �I�B�S�N �U�I�F �Q�F�S�G�P�S�N�B�O�D�F�� ���F �S�F�T�U �P�G �U�I�J�T �T�F�D�U�J�P�O �J�O�U�S�P�E�V�D�F�T �U�I�F �N�B�U�I�F�N�B�U�J�D�B�M �G�P�S�N�V�M�B�U�J�P�O
�P�G �U�I�J�T �B�Q�Q�S�P�B�D�I��

�'�J�H�V�S�F ���������)�J�T�U�P�H�S�B�N�T �P�G �U�I�F �Q�S�P�K�F�D�U�J�P�O���U�P���I�J�E�E�F�O �X�F�J�H�I�U�TV1�
V2�
V3�
 �B�O�EV4 �	�T�F�F �'�J�H��
�V�S�F�������
 �G�P�S �F�B�D�I �P�G �U�I�F �� �X�P�S�E �Q�P�T�J�U�J�P�O�T �P�G �B�O �4�3�/�/ �	n = 5�
 �U�S�B�J�O�F�E �P�O �-�5�$�#��
���F�T�F �I�J�T�U�P�H�S�B�N�T �T�I�P�X �U�I�B�U �U�I�F �N�B�H�O�J�U�V�E�F �P�G �U�I�F �X�F�J�H�I�U�T �E�F�D�B�Z�T �X�J�U�I �U�I�F �X�P�S�E
�Q�P�T�J�U�J�P�O �	�G�S�P�Nt � 1 �U�Pt � 4�
 �C�V�U �E�P�F�T �O�P�U �O�V�M�M�J�G�Z�� ���V�T�
 �U�I�F �N�P�E�F�M �T�V�D�D�F�T�T�G�V�M�M�Z
�D�B�Q�U�V�S�F�E �T�P�N�F �H�P�P�E �T�I�P�S�U���S�B�O�H�F �E�F�Q�F�O�E�F�O�D�J�F�T��



�������� �4�F�R�V�F�O�U�J�B�M �3�F�D�V�S�S�F�O�U �/�F�V�S�B�M �/�F�U�X�P�S�L ����

���F �4�F�R�V�F�O�U�J�B�M �3�F�D�V�S�S�F�O�U �/�F�V�S�B�M �/�F�U�X�P�S�L �	�4�3�/�/�
 �B�Q�Q�S�P�Y�J�N�B�U�F�Tp(wT
1 ) �B�D�D�P�S�E�J�O�H �U�P

p(wT
1 ) �

TY

t=1

p(wt j wt �¦1
t � n+1 ; ht �¦n+1 ) =

TY

t=1

p(wt j ht
t � n+2 ) �	�������


���V�T�
 �B�T �T�I�P�X�O �J�O �&�R�V�B�U�J�P�O�������
 �U�I�F �4�3�/�/ �B�S�D�I�J�U�F�D�U�V�S�F �F�Y�Q�M�J�D�J�U�M�Z �S�F�Q�S�F�T�F�O�U�T �U�I�F �I�J�T�U�P�S�Z �P�W�F�S
�U�I�F �M�B�T�Un�¦1�X�P�S�E �Q�P�T�J�U�J�P�O�T �J�O �U�I�F �N�B�O�O�F�S �P�G �B�O �'�/�/ �	�&�R�V�B�U�J�P�O�������
�
 �C�V�U �F�O�I�B�O�D�F�T �U�I�F �B�D�U�V�B�M
�X�P�S�E �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �V�T�J�O�H �U�I�F �S�F�D�V�S�S�F�O�U �D�P�O�U�F�Y�U �J�O�G�P�S�N�B�U�J�P�O�
 �X�I�J�D�I �Q�S�P�Q�B�H�B�U�F�T �T�F�R�V�F�O��
�U�J�B�M�M�Z �X�J�U�I�J�O �U�I�F �O�F�U�X�P�S�L�� �'�V�S�U�I�F�S�N�P�S�F�
 �T�F�U�U�J�O�H �U�I�F �D�P�O�U�F�Y�U �U�P �B �P�O�F �X�P�S�E �I�J�T�U�P�S�Z �X�J�O�E�P�X
�	n = 2�
 �J�O �&�R�V�B�U�J�P�O�������M�F�B�E�T �U�P �U�I�F �3�/�/ �B�Q�Q�S�P�Y�J�N�B�U�J�P�O �J�O �&�R�V�B�U�J�P�O�������� ���F�S�F�G�P�S�F�
 �U�I�F
�4�3�/�/ �B�Q�Q�S�P�B�D�I �D�B�O �C�F �T�F�F�O �B�T �B�O �F�Y�U�F�O�T�J�P�O �P�G �U�I�F �T�U�B�O�E�B�S�E �3�/�/ �U�P �F�Y�Q�M�J�D�J�U�M�Z �N�P�E�F�M �B�O�E
�D�B�Q�U�V�S�F �T�I�P�S�U �S�B�O�H�F �D�P�O�U�F�Y�U��

���F �B�E�E�J�U�J�P�O�B�M �T�F�R�V�F�O�U�J�B�M �D�P�O�O�F�D�U�J�P�O�T �B�M�M�P�X �U�I�F �D�P�O�U�F�Y�U �J�O�G�P�S�N�B�U�J�P�O �U�P �Q�S�P�Q�B�H�B�U�F �G�S�P�N
�U�I�F �Q�B�T�U �U�P �U�I�F �G�V�U�V�S�F �X�J�U�I�J�O �U�I�F �O�F�U�X�P�S�L�� ���F�T�F �D�P�O�O�F�D�U�J�P�O�T �D�B�O �C�F �E�F���O�F�E �B�T �B �8�P�S�E��
�*�O�E�F�Q�F�O�E�F�O�U �	�8�*�
 �S�F�D�V�S�S�F�O�D�F �W�F�D�U�P�S�
 �X�I�J�D�I ���Y�F�T �U�I�F �B�N�P�V�O�U �P�G �D�P�O�U�F�Y�U �J�O�G�P�S�N�B�U�J�P�O �B�M�M�P�X�F�E
�U�P �Q�S�P�Q�B�H�B�U�F �J�O �U�I�F �O�F�U�X�P�S�L�
 �B�T �U�I�F�Z �D�B�O �C�F �E�F�T�J�H�O�F�E �B�T �8�P�S�E���%�F�Q�F�O�E�F�O�U �	�8�%�
 �W�F�D�U�P�S�T�� �*�O
�U�I�J�T �D�B�T�F�
 �F�B�D�I �X�P�S�E �X�J�M�M �I�B�W�F �J�U�T �P�X�O �D�P�O�U�F�Y�U �X�F�J�H�I�U �W�F�D�U�P�S�
 �X�I�J�D�I �X�J�M�M �U�Z�Q�J�D�B�M�M�Z �M�F�B�S�O �X�I�J�D�I
�D�P�O�U�F�Y�U �i�O�F�V�S�P�O�T�w �B�S�F �S�F�M�F�W�B�O�U �G�P�S �U�I�B�U �Q�B�S�U�J�D�V�M�B�S �X�P�S�E �B�O�E �U�I�F�S�F�G�P�S�F �T�D�B�M�F�T �F�B�D�I �D�P�O�U�F�Y�U �V�O�J�U
�B�D�D�P�S�E�J�O�H�M�Z��

���F �O�F�U�X�P�S�L �F�W�B�M�V�B�U�J�P�O �J�T �Q�F�S�G�P�S�N�F�E �T�J�N�J�M�B�S�M�Z �U�P �'�/�/�
 �U�I�F �N�B�J�O �E�J���F�S�F�O�D�F �P�D�D�V�S�T �J�O �&�R�V�B��
�U�J�P�O�������
 �X�I�J�D�I �C�F�D�P�N�F�T �J�O �U�I�F �D�B�T�F �P�G �U�I�F �X�P�S�E���J�O�E�F�Q�F�O�E�F�O�U �N�P�E�F�M �	�8�*���4�3�/�/�


Pt �¦i = f s(X t �¦i � U + C � Pt �¦i �¦1); i = n�¦1; : : : ; 1 �	�������


�B�T �J�U �C�F�D�P�N�F�T �J�O �U�I�F �D�B�T�F �P�G �U�I�F �X�P�S�E���E�F�Q�F�O�E�F�O�U �N�P�E�F�M �	�8�%���4�3�/�/�


Pt �¦i = f s(X t �¦i � U + Cwt �¦i � Pt �¦i �¦1); i = n�¦1; : : : ; 1 �	���������


�X�I�F�S�Ff s(�) �J�T �B�O �B�D�U�J�W�B�U�J�P�O �G�V�O�D�U�J�P�O �B�O�E� �J�T �U�I�F �F�M�F�N�F�O�U���X�J�T�F �Q�S�P�E�V�D�U �P�Q�F�S�B�U�P�S��C �J�T �U�I�F
�X�P�S�E���J�O�E�F�Q�F�O�E�F�O�U �S�F�D�V�S�S�F�O�D�F �X�F�J�H�I�U �W�F�D�U�P�S�
 �X�I�F�S�F�B�TCwt �¦i �J�T �U�I�F �X�P�S�E���E�F�Q�F�O�E�F�O�U �D�P�O�U�F�Y�U
�X�F�J�H�I�U �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �X�P�S�Ewt �¦i ��

���F �4�3�/�/ �N�P�E�F�M �S�F�Q�M�B�D�F�T �U�I�F �V�O�J�W�F�S�T�B�M �X�P�S�E �F�N�C�F�E�E�J�O�H�T �B�U �U�I�F �Q�S�P�K�F�D�U�J�P�O �M�B�Z�F�S �P�G �B�O �'�/�/
�C�Z �D�P�O�U�F�Y�U���E�F�Q�F�O�E�F�O�U �X�P�S�E �F�N�C�F�E�E�J�O�H�T�� �.�P�S�F �Q�B�S�U�J�D�V�M�B�S�M�Z�
 �C�P�U�I �&�R�V�B�U�J�P�O�T�������B�O�E��������
�T�I�P�X �U�I�B�U �F�B�D�I �X�P�S�E �S�F�Q�S�F�T�F�O�U�B�U�J�P�O �J�T �F�O�I�B�O�D�F�E �V�T�J�O�H �U�I�F �D�P�O�U�F�Y�U �J�O�G�P�S�N�B�U�J�P�O �C�F�G�P�S�F �Q�S�P��
�D�F�F�E�J�O�H �U�P �U�I�F �O�F�Y�U �X�P�S�E �Q�S�F�E�J�D�U�J�P�O�� ���F�S�F�G�P�S�F�
 �U�I�J�T �Q�B�S�U�J�D�V�M�B�S �T�U�F�Q �D�P�V�M�E �C�F �T�F�F�O �B�T �B �U�S�B�O�T��
�G�P�S�N�B�U�J�P�O �G�S�P�N �U�I�F �V�O�J�W�F�S�T�B�M �F�N�C�F�E�E�J�O�H �T�Q�B�D�F �J�O�U�P �B �D�P�O�U�F�Y�U���E�F�Q�F�O�E�F�O�U �T�Q�B�D�F �X�J�U�I �B �C�F�U�U�F�S
�E�J�T�D�S�J�N�J�O�B�U�J�P�O �P�G �X�P�S�E�T��



���� ���� �-�B�O�H�V�B�H�F �N�P�E�F�M�T �D�B�O �N�B�L�F �T�Q�F�D�J�B�M�J�[�F�E �N�F�B�O�J�O�H �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �P�G �X�P�S�E�T

�'�J�H�V�S�F ���������4�F�R�V�F�O�U�J�B�M �3�F�D�V�S�S�F�O�U �/�F�V�S�B�M �/�F�U�X�P�S�L �B�S�D�I�J�U�F�D�U�V�S�F�� ���F �S�F�E �B�S�S�P�X�T �T�I�P�X �U�I�F
�F�S�S�P�S �Q�S�P�Q�B�H�B�U�J�P�O �E�V�S�J�O�H �U�S�B�J�O�J�O�H �	�U�I�J�T ���H�V�S�F �E�P�F�T �O�P�U �J�O�D�M�V�E�F �#�1�5�5�
��

�'�J�H�V�S�F�������T�I�P�X�T �B�O �F�Y�B�N�Q�M�F �P�G �B�O �4�3�/�/ �X�J�U�I �U�I�S�F�F �B�E�E�J�U�J�P�O�B�M �T�F�R�V�F�O�U�J�B�M �D�P�O�O�F�D�U�J�P�O�T
�	n�¦1 = 3�
 �B�O�E �B �T�J�O�H�M�F �I�J�E�E�F�O �M�B�Z�F�S�� �"�T �T�I�P�X�O�
 �U�I�J�T �J�T �B �H�F�O�F�S�B�M �B�S�D�I�J�U�F�D�U�V�S�F �U�I�B�U �J�O�D�M�V�E�F�T
�E�J���F�S�F�O�U �O�F�U�X�P�S�L�T�� �*�O �Q�B�S�U�J�D�V�M�B�S�
 �T�F�U�U�J�O�HC = [0; : : : ; 0] �B�O�Ef s(x) = x �S�F�T�V�M�U�T �J�O �U�I�F �D�M�B�T��
�T�J�D�B�M �'�/�/ �B�S�D�I�J�U�F�D�U�V�S�F�
 �X�I�F�S�F�B�T �T�F�U�U�J�O�Hn = 2 �M�F�B�E�T �U�P �B �T�U�B�O�E�B�S�E �3�/�/ �X�J�U�I �B �E�J�B�H�P�O�B�M
�S�F�D�V�S�S�F�O�D�F �N�B�U�S�J�Y �B�O�E �B�O �B�E�E�J�U�J�P�O�B�M �O�P�O���S�F�D�V�S�S�F�O�U �M�B�Z�F�S�� �.�P�S�F�P�W�F�S�
 �T�F�U�U�J�O�HC �U�P �B ���Y�F�E
�W�B�M�V�F �J�O[0; 1] �B�O�Ef s(x) = x �M�F�B�E�T �U�P �U�I�F �'�J�Y�F�E���T�J�[�F �0�S�E�J�O�B�M�M�Z���'�P�S�H�F�U�U�J�O�H �&�O�D�P�E�J�O�H �	�'�0�'�&�

�	�;�I�B�O�H �F�U �B�M���
���������
 �B�S�D�I�J�U�F�D�U�V�S�F�
 �X�I�J�D�I �X�B�T �Q�S�P�Q�P�T�F�E �U�P �V�O�J�R�V�F�M�Z �F�O�D�P�E�F �X�P�S�E �T�F�R�V�F�O�D�F�T��

���������� �4�3�/�/ �U�S�B�J�O�J�O�H

���F �Q�B�S�B�N�F�U�F�S�T �U�P �U�S�B�J�O �G�P�S �B�O �4�3�/�/ �B�S�F �U�I�F �X�P�S�E �F�N�C�F�E�E�J�O�H�TU�
 �U�I�F �Q�S�P�K�F�D�U���U�P���I�J�E�E�F�O
�D�P�O�O�F�D�U�J�P�O �X�F�J�H�I�U�TV = [ V1; : : : ; Vn�¦1]�
 �U�I�F �I�J�E�E�F�O���U�P���P�V�U�Q�V�U �D�P�O�O�F�D�U�J�P�O �X�F�J�H�I�U�TW �B�O�E
�U�I�F �D�P�O�U�F�Y�U �X�F�J�H�I�U �W�F�D�U�P�SC �G�P�S �U�I�F �8�* �N�P�E�F�M�
 �P�SC = [ Ct

1; : : : ; Ct
K ]t �
 �X�I�F�S�FK �J�T �U�I�F �W�P��

�D�B�C�V�M�B�S�Z �T�J�[�F�
 �G�P�S �U�I�F �8�% �N�P�E�F�M�� �*�O �U�I�J�T �D�B�T�F�
 �F�B�D�I �X�P�S�Ew �J�O �U�I�F �W�P�D�B�C�V�M�B�S�Z �X�J�M�M �C�F �D�I�B�S��
�B�D�U�F�S�J�[�F�E �C�Z �U�X�P �M�F�B�S�O�B�C�M�F �W�F�D�U�P�S�T�
 �O�B�N�F�M�Z�
 �U�I�F �D�P�O�U�J�O�V�P�V�T �S�F�Q�S�F�T�F�O�U�B�U�J�P�O �	�F�N�C�F�E�E�J�O�H�
Uw

�B�O�E �U�I�F �D�P�O�U�F�Y�U �X�F�J�H�I�UCw �� �4�J�N�J�M�B�S�M�Z �U�P �3�/�/�
 �U�I�F �Q�B�S�B�N�F�U�F�S �M�F�B�S�O�J�O�H �P�G �B�O �4�3�/�/ �B�S�D�I�J��
�U�F�D�U�V�S�F �G�P�M�M�P�X�T �U�I�F �T�U�B�O�E�B�S�E �#�B�D�L���1�S�P�Q�B�H�B�U�J�P�O ���S�P�V�H�I �5�J�N�F �	�#�1�5�5�
 �B�M�H�P�S�J�U�I�N�� ���F �N�B�J�O
�E�J���F�S�F�O�D�F �P�D�D�V�S�T �B�U �U�I�F �Q�S�P�K�F�D�U�J�P�O �M�B�Z�F�S�
 �X�I�F�S�F �U�I�F �B�E�E�J�U�J�P�O�B�M �F�S�S�P�S �W�F�D�U�P�S�T �S�F�T�V�M�U�J�O�H �G�S�P�N
�U�I�F �T�F�R�V�F�O�U�J�B�M �D�P�O�O�F�D�U�J�P�O�T �T�I�P�V�M�E �C�F �U�B�L�F�O �J�O�U�P �B�D�D�P�V�O�U �	�4�F�F �F�Y�B�N�Q�M�F �P�S �F�S�S�P�S �Q�S�P�Q�B�H�B�U�J�P�O
�J�O �'�J�H�V�S�F�������
 �C�F�G�P�S�F �V�O�G�P�M�E�J�O�H �U�I�F �O�F�U�X�P�S�L �J�O �U�J�N�F��

������ �&�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q

�.�Z �D�P�B�V�U�I�P�S�T �F�W�B�M�V�B�U�F�E �4�3�/�/ �N�P�E�F�M�T �P�O �U�X�P �E�J���F�S�F�O�U �C�F�O�D�I�N�B�S�L �U�B�T�L�T�� ���F ���S�T�U �T�F�U �P�G
�F�Y�Q�F�S�J�N�F�O�U�T �X�B�T �D�P�O�E�V�D�U�F�E �P�O �U�I�F �1�F�O�O �5�S�F�F�C�B�O�L �	�1�5�#�
 �D�P�S�Q�V�T �V�T�J�O�H �U�I�F �T�U�B�O�E�B�S�E �E�J�W�J��
�T�J�P�O �	�F���H���.�J�L�P�M�P�W �F�U �B�M���
���������D���;�I�B�O�H �F�U �B�M���
���������
�� �T�F�D�U�J�P�O�T �������� �B�S�F �V�T�F�E �G�P�S �U�S�B�J�O�J�O�H �X�I�J�M�F
�T�F�D�U�J�P�O�T ���������� �B�O�E ���������� �B�S�F �V�T�F�E �G�P�S �W�B�M�J�E�B�U�J�P�O �B�O�E �U�F�T�U�J�O�H�� ���F �W�P�D�B�C�V�M�B�S�Z �X�B�T �M�J�N�J�U�F�E �U�P



�������� �&�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q ����

�U�I�F �U�P�Q �����L �N�P�T�U���G�S�F�R�V�F�O�U �X�P�S�E�T �X�I�J�M�F �U�I�F �S�F�N�B�J�O�J�O�H �X�P�S�E�T �X�F�S�F �B�M�M �N�B�Q�Q�F�E �U�P �U�I�F �U�P�L�F�O
�I�m�M�F�=�� �*�O �P�S�E�F�S �U�P �F�W�B�M�V�B�U�F �I�P�X �U�I�F �4�3�/�/ �B�Q�Q�S�P�B�D�I �T�D�B�M�F�T �U�P �M�B�S�H�F �D�P�S�Q�P�S�B�
 �N�Z �D�P�B�V�U�I�P�S�T
�S�B�O �B �T�F�U �P�G �F�Y�Q�F�S�J�N�F�O�U�T �P�O �U�I�F �-�B�S�H�F �5�F�Y�U �$�P�N�Q�S�F�T�T�J�P�O �#�F�O�D�I�N�B�S�L �	�-�5�$�#�
 �	�.�B�I�P�O�F�Z�

���������
�� ���J�T �D�P�S�Q�V�T �J�T �C�B�T�F�E �P�O �U�I�F�F�O�X�J�L���E�B�U�B�T�F�U �X�I�J�D�I �D�P�O�U�B�J�O�T �U�I�F ���S�T�U109 �C�Z�U�F�T �P�G
�2�M�r�B�F�B�k�y�y�e�y�j�y�j�@�T���;�2�b�@���`�i�B�+�H�2�b�X�t�K�H�� �.�Z �D�P�B�V�U�I�P�S�T �B�E�P�Q�U�F�E �U�I�F �T�B�N�F �U�S�B�J�O�J�O�H���U�F�T�U��
�W�B�M�J�E�B�U�J�P�O �E�B�U�B �T�Q�M�J�U �B�O�E �Q�S�F�Q�S�P�D�F�T�T�J�O�H �G�S�P�N�;�I�B�O�H �F�U �B�M���	���������
�� �"�M�M �C�V�U �U�I�F �U�P�Q �����L �N�P�T�U
�G�S�F�R�V�F�O�U �X�P�S�E�T �X�F�S�F �S�F�Q�M�B�D�F�E �C�Z�I�m�M�F�=�� �5�B�C�M�F�������H�J�W�F�T �E�F�U�B�J�M�T �B�C�P�V�U �U�I�F �T�J�[�F�T �P�G �U�I�F�T�F �U�X�P
�D�P�S�Q�P�S�B �B�O�E �U�I�F �Q�F�S�D�F�O�U�B�H�F �P�G �P�V�U���P�G���W�P�D�B�C�V�M�B�S�Z �	�0�0�7�
 �X�P�S�E�T �U�I�B�U �X�F�S�F �N�B�Q�Q�F�E �U�P�I�m�M�F�=��

�5�S�B�J�O �%�F�W �5�F�T�U
�$�P�S�Q�V�T�5�P�L�F�O�T �0�0�7�5�P�L�F�O�T �0�0�7�5�P�L�F�O�T �0�0�7

�1�5�# �������, ���������� �����, ���������� �����, ����������
�-�5�$�# �������. ���������� �������. ���������� �������. ����������

�5�B�C�M�F ���������$�P�S�Q�V�T �T�J�[�F �J�O �O�V�N�C�F�S �P�G �U�P�L�F�O�T �B�O�E �0�0�7 �S�B�U�F��

�4�3�/�/ �N�P�E�F�M�T �B�S�F �D�P�N�Q�B�S�F�E �U�P �E�J���F�S�F�O�U �T�Z�T�U�F�N�T �J�O�D�M�V�E�J�O�H �U�I�Fn���H�S�B�N �,�O�F�T�F�S���/�F�Z �	�,�/�

�N�P�E�F�M �B�O�E �E�J���F�S�F�O�U �G�F�F�E�G�P�S�X�B�S�E �B�O�E �S�F�D�V�S�S�F�O�U �O�F�V�S�B�M �B�S�D�I�J�U�F�D�U�V�S�F�T�� �'�P�S �G�F�F�E�G�P�S�X�B�S�E �O�F�U��
�X�P�S�L�T�
 �U�I�F �C�B�T�F�M�J�O�F �T�Z�T�U�F�N�T �J�O�D�M�V�E�F

���� �U�I�F �'�/�/���C�B�T�F�E �-�. �	�#�F�O�H�J�P �F�U �B�M���
���������


���� �'�J�Y�F�E���T�J�[�F �0�S�E�J�O�B�M�M�Z �'�P�S�H�F�U�U�J�O�H �&�O�D�P�E�J�O�H �	�'�0�'�&�
 �B�Q�Q�S�P�B�D�I�
 �X�I�J�D�I �X�B�T �J�N�Q�M�F�N�F�O�U�F�E
�B�T �B �G�F�F�E�G�P�S�X�B�S�E �T�F�O�U�F�O�D�F���C�B�T�F�E �N�P�E�F�M�� ���F �'�0�'�& �S�F�T�V�M�U�T �X�F�S�F �P�C�U�B�J�O�F�E �V�T�J�O�H �U�I�F
�'�0�'�& �U�P�P�M�L�J�U �	�;�I�B�O�H �F�U �B�M���
���������
�� ���F �S�F�T�V�M�U�T �B�S�F �S�F�Q�P�S�U�F�E �G�P�S �E�J���F�S�F�O�U �D�P�O�U�F�Y�U �T�J�[�F�T
�	n � 1 = 1; 2; 4�
 �B�O�E �E�J���F�S�F�O�U �O�V�N�C�F�S�T �P�G �I�J�E�E�F�O �M�B�Z�F�S�T �	�� �P�S ���
��

�3�F�H�B�S�E�J�O�H �S�F�D�V�S�S�F�O�U �N�P�E�F�M�T�
 �N�Z �D�P�B�V�U�I�P�S�T �B�O�E �* �D�P�N�Q�B�S�F�E �4�3�/�/ �N�P�E�F�M�T �U�P

���� �U�I�F �G�V�M�M �3�/�/ �	�X�J�U�I�P�V�U �D�M�B�T�T�F�T�
 �	�.�J�L�P�M�P�W �F�U �B�M���
���������D�


���� �B �E�F�F�Q �3�/�/ �	�1�B�T�D�B�O�V �F�U �B�M���
���������
�
 �X�I�J�D�I �J�O�W�F�T�U�J�H�B�U�F�T �E�J���F�S�F�O�U �X�B�Z�T �P�G �B�E�E�J�O�H �I�J�E�E�F�O
�M�B�Z�F�S�T �U�P �3�/�/

���� �U�I�F �-�4�5�. �B�S�D�I�J�U�F�D�U�V�S�F �	�4�V�O�E�F�S�N�F�Z�F�S�
 �4�D�I�M�à�U�F�S�
 �B�O�E �/�F�Z�
���������
�
 �X�I�J�D�I �F�Y�Q�M�J�D�J�U�M�Z �S�F�H��
�V�M�B�U�F�T �U�I�F �B�N�P�V�O�U �P�G �J�O�G�P�S�N�B�U�J�P�O �U�I�B�U �Q�S�P�Q�B�H�B�U�F�T �J�O �U�I�F �O�F�U�X�P�S�L

���������� �1�5�# �F�Y�Q�F�S�J�N�F�O�U�T

�'�P�S �U�I�F �1�5�# �F�Y�Q�F�S�J�N�F�O�U�T�
 �U�I�F �'�/�/�
 �'�0�'�& �B�O�E �4�3�/�/ �B�S�D�I�J�U�F�D�U�V�S�F�T �I�B�W�F �T�J�N�J�M�B�S �D�P�O���H�V�S�B��
�U�J�P�O�T�� ���B�U �J�T�
 �U�I�F �I�J�E�E�F�O �M�B�Z�F�S�	�T�
 �T�J�[�F �J�T ������ �X�J�U�I �B�M�M �I�J�E�E�F�O �V�O�J�U�T �V�T�J�O�H �U�I�F �S�F�D�U�J���F�E �M�J�O�F�B�S
�V�O�J�U �J���F��f (x) = �N�B�Y(0; x)�
 �B�T �B�O �B�D�U�J�W�B�U�J�P�O �G�V�O�D�U�J�P�O�
 �X�I�F�S�F�B�T �U�I�F �X�P�S�E �S�F�Q�S�F�T�F�O�U�B�U�J�P�O �	�F�N��
�C�F�E�E�J�O�H�
 �T�J�[�F �X�B�T �T�F�U �U�P ������ �G�P�S �'�/�/�
 �'�0�'�& �B�O�E �-�4�5�. �B�O�E ������ �G�P�S �4�3�/�/�� ���F �M�B�U�U�F�S �V�T�F�T
f s = �U�B�O�I(�) �B�T �T�F�R�V�F�O�U�J�B�M �B�D�U�J�W�B�U�J�P�O �G�V�O�D�U�J�P�O�� ���F �I�J�E�E�F�O �M�B�Z�F�S �T�J�[�F �P�G �3�/�/ �B�O�E �-�4�5�.



���� ���� �-�B�O�H�V�B�H�F �N�P�E�F�M�T �D�B�O �N�B�L�F �T�Q�F�D�J�B�M�J�[�F�E �N�F�B�O�J�O�H �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �P�G �X�P�S�E�T

�X�F�S�F �T�F�U �U�P ������ �B�O�E �G�P�M�M�P�X �U�I�F �P�S�J�H�J�O�B�M �D�P�O���H�V�S�B�U�J�P�O �Q�S�P�Q�P�T�F�E �C�Z�.�J�L�P�M�P�W �F�U �B�M���	���������D�

�B�O�E�4�V�O�E�F�S�N�F�Z�F�S�
 �4�D�I�M�à�U�F�S�
 �B�O�E �/�F�Z�	���������
�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�� �.�Z �D�P�B�V�U�I�P�S�T �B�M�T�P �V�T�F�E �U�I�F �T�B�N�F
�M�F�B�S�O�J�O�H �T�F�U�V�Q �B�E�P�Q�U�F�E �J�O�;�I�B�O�H �F�U �B�M���	���������
�� �/�B�N�F�M�Z�
 �U�I�F �N�J�O�J�C�B�U�D�I �T�J�[�F �G�P�S �T�U�P�D�I�B�T�U�J�D
�H�S�B�E�J�F�O�U �E�F�T�D�F�O�U �X�B�T �������
 �U�I�F �M�F�B�S�O�J�O�H �S�B�U�F �X�B�T �J�O�J�U�J�B�M�J�[�F�E �U�P �������
 �U�I�F �N�P�N�F�O�U�V�N �X�B�T �T�F�U �U�P
�������
 �U�I�F �X�F�J�H�I�U �E�F�D�B�Z �X�B�T ���Y�F�E �U�P4 � 10�¦5 �B�O�E �U�I�F �U�S�B�J�O�J�O�H �X�B�T �E�P�O�F �J�O �F�Q�P�D�I�T�� ���F �X�F�J�H�I�U�T
�J�O�J�U�J�B�M�J�[�B�U�J�P�O �G�P�M�M�P�X�T �U�I�F �O�P�S�N�B�M�J�[�F�E �J�O�J�U�J�B�M�J�[�B�U�J�P�O �Q�S�P�Q�P�T�F�E �C�Z�(�M�P�S�P�U �B�O�E �#�F�O�H�J�P�	���������
��
�4�J�N�J�M�B�S�M�Z �U�P�.�J�L�P�M�P�W �F�U �B�M���	���������
�
 �U�I�F �M�F�B�S�O�J�O�H �S�B�U�F �J�T �I�B�M�W�F�E �X�I�F�O �O�P �T�V�C�T�U�B�O�U�J�B�M �J�N�Q�S�P�W�F��
�N�F�O�U �J�O �U�I�F �M�P�H���M�J�L�F�M�J�I�P�P�E �P�G �U�I�F �W�B�M�J�E�B�U�J�P�O �E�B�U�B �J�T �P�C�T�F�S�W�F�E�� ���F�O�
 �U�S�B�J�O�J�O�H �D�P�O�U�J�O�V�F�E �X�J�U�I
�T�F�W�F�O �N�P�S�F �F�Q�P�D�I�T �X�I�J�M�F �I�B�M�W�J�O�H �U�I�F �M�F�B�S�O�J�O�H �S�B�U�F �B���F�S �F�B�D�I �F�Q�P�D�I�� ���F �#�1�5�5 �X�B�T �T�F�U �U�P ��
�U�J�N�F �T�U�F�Q�T�� �'�P�S �C�P�U�I �N�P�E�F�M�T�
 �U�I�F �D�P�O�U�F�Y�U �D�P�O�O�F�D�U�J�P�O �X�F�J�H�I�U�T�
C�
 �X�F�S�F �S�B�O�E�P�N�M�Z �J�O�J�U�J�B�M�J�[�F�E
�J�O[0; 1]�� �*�O �P�S�E�F�S �U�P �D�P�N�Q�B�S�F �U�P �U�I�F �'�0�'�& �B�Q�Q�S�P�B�D�I�
 �N�Z �D�P�B�V�U�I�P�S�T �B�O�E �* �B�M�T�P �S�F�Q�P�S�U�F�E �S�F��
�T�V�M�U�T �X�I�F�S�FC �X�B�T �S�F�E�V�D�F�E �U�P �B �T�D�B�M�B�S �G�P�S�H�F�U�U�J�O�H �G�B�D�U�P�S �U�I�B�U �J�T ���Y�F�E �B�U �������� ���J�T �J�T �E�F�O�P�U�F�E �B�T
�8�*���4�3�/�/� �J�O �U�I�F �U�B�C�M�F�T �C�F�M�P�X�� �* �S�F�Q�P�S�U �U�I�F �S�F�T�V�M�U�T �J�O �U�F�S�N�T �P�G �Q�F�S�Q�M�F�Y�J�U�Z �	�1�1�-�
�
 �/�V�N�C�F�S �P�G
�N�P�E�F�M �1�B�S�B�N�F�U�F�S�T �	�/�P�1�
�
 �B�O�E �U�I�F �U�S�B�J�O�J�O�H �T�Q�F�F�E�
 �X�I�J�D�I �J�T �E�F���O�F�E �B�T �U�I�F �O�V�N�C�F�S �P�G �X�P�S�E�T
�Q�S�P�D�F�T�T�F�E �Q�F�S �T�F�D�P�O�E �	�X���T�
 �P�O �B �(�5�9 �5�*�5�"�/ �9 �(�1�6��

���������� �-�5�$�# �F�Y�Q�F�S�J�N�F�O�U�T

���F �-�5�$�# �F�Y�Q�F�S�J�N�F�O�U�T �V�T�F�E �U�I�F �T�B�N�F �1�5�# �T�F�U�V�Q �X�J�U�I �N�J�O�P�S �D�I�B�O�H�F�T�� �.�Z �D�P�B�V�U�I�P�S�T �D�P�O��
�U�J�O�V�F�E �U�P �V�T�F �U�I�F �T�B�N�F �F�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q �V�T�F�E �J�O�;�I�B�O�H �F�U �B�M���	���������
�� �.�P�S�F �Q�S�F�D�J�T�F�M�Z�
 �U�I�F�T�F
�S�F�T�V�M�U�T �X�F�S�F �P�C�U�B�J�O�F�E �X�J�U�I�P�V�U �V�T�B�H�F �P�G �N�P�N�F�O�U�V�N �P�S �X�F�J�H�I�U �E�F�D�B�Z �X�I�F�S�F�B�T �U�I�F �N�J�O�J���C�B�U�D�I
�T�J�[�F �X�B�T �T�F�U �U�P �������� ���F �'�/�/ �B�O�E �'�0�'�& �B�S�D�I�J�U�F�D�U�V�S�F�T �D�P�O�U�B�J�O �� �I�J�E�E�F�O �M�B�Z�F�S�T �P�G �T�J�[�F ������ �	�P�S
�������
 �X�I�F�S�F�B�T �3�/�/ �B�O�E �4�3�/�/ �I�B�W�F �B �T�J�O�H�M�F �I�J�E�E�F�O �M�B�Z�F�S �P�G �T�J�[�F �������� �*�O �P�S�E�F�S �U�P �D�P�N�Q�B�S�F
�U�P�;�I�B�O�H �F�U �B�M���	���������
�
 �U�I�F �G�P�S�H�F�U�U�J�O�H �G�B�D�U�P�SC �P�G �8�*���4�3�/�/� �J�T ���Y�F�E �B�U ��������

������ �8�P�S�E �F�N�C�F�E�E�J�O�H �F�W�B�M�V�B�U�J�P�O

�J�O �T�U�S�J�D�U�M�Z �H�F�S�N�B�O�Z
Uw Cw Uw Cw Uw Cw

�J�O�U�P �B�U �T�P�M�F�M�Z �Q�V�S�F�M�Z�J�U�B�M�Z �K�B�Q�B�O
�U�I�S�P�V�H�I�P�V�U �P�O�S�J�H�J�E�M�Z �U�P�U�B�M�M�Z�G�S�B�O�D�F �S�V�T�T�J�B

�U�I�S�P�V�H�I �G�P�S�C�S�P�B�E�M�Z �Q�I�Z�T�J�D�B�M�M�Z�C�S�J�U�B�J�O �J�U�B�M�Z
�E�V�S�J�O�H �U�I�F�J�S�Q�V�S�F�M�Z �T�P�M�F�M�Z�T�X�J�U�[�F�S�M�B�O�E �G�S�B�O�D�F
�X�J�U�I�J�O �U�P�P�T�U�F�O�T�J�C�M�Z �U�F�D�I�O�J�D�B�M�M�Z�F�O�H�M�B�O�E �T�Q�B�J�O

�5�B�C�M�F ���������&�Y�B�N�Q�M�F�T �P�G �U�P�Q �� �T�J�N�J�M�B�S �X�P�S�E�T��

�0�O�F �P�G �N�Z �J�O�E�J�W�J�E�V�B�M �D�P�O�U�S�J�C�V�U�J�P�O�T �U�P �U�I�J�T �Q�S�P�K�F�D�U �X�B�T �T�U�S�F�B�N�M�J�O�J�O�H �U�I�F �Q�S�P�D�F�T�T �G�P�S �P�C�U�B�J�O�J�O�H
�T�J�N�J�M�B�S�J�U�Z �T�D�P�S�F�T�
 �S�F�M�B�U�F�E�O�F�T�T �T�D�P�S�F�T�
 �B�O�B�M�P�H�Z �D�P�N�Q�M�F�U�J�P�O�T�
 �B�O�E �O�F�B�S�F�T�U �O�F�J�H�I�C�P�S�T �G�P�S �W�B�S�J�P�V�T
�T�F�U�T �P�G �X�P�S�E �F�N�C�F�E�E�J�O�H�T�� �5�B�C�M�F�������T�I�P�X�T �T�P�N�F �X�P�S�E �F�Y�B�N�Q�M�F�T �U�I�B�U �* �G�P�V�O�E �X�J�U�I �U�I�F�J�S �U�P�Q ��



�������� �3�F�T�V�M�U�T ����

�D�P�T�J�O�F �T�J�N�J�M�B�S�J�U�J�F�T �G�P�S �X�P�S�E �F�N�C�F�E�E�J�O�H�TUw �B�O�E �&�V�D�M�J�E�F�B�O �E�J�T�U�B�O�D�F �G�P�S �D�P�O�U�F�Y�U �X�F�J�H�I�U�TCw ��
�4�Q�P�U���D�I�F�D�L�J�O�H �E�J���F�S�F�O�U �F�N�C�F�E�E�J�O�H�T �M�F�E �N�F �U�P �C�F�M�J�F�W�F �U�I�B�U �U�I�F �i�V�O�J�W�F�S�T�B�M�w �4�3�/�/ �F�N�C�F�E��
�E�J�O�H�T �D�B�Q�U�V�S�F�E �T�F�N�B�O�U�J�D �	�D�P�O�D�F�Q�U�V�B�M�
 �T�J�N�J�M�B�S�J�U�J�F�T�
 �X�I�J�M�F �U�I�F �D�P�O�U�F�Y�U �X�F�J�H�I�U�T �D�B�Q�U�V�S�F�E �N�P�S�F
�T�Z�O�U�B�D�U�J�D �	�G�V�O�D�U�J�P�O�B�M�
 �T�J�N�J�M�B�S�J�U�J�F�T�� �'�P�S �F�Y�B�N�Q�M�F�
 �U�I�F �V�O�J�W�F�S�T�B�M �F�N�C�F�E�E�J�O�H�T �I�B�E �I�J�H�I �D�P�T�J�O�F�T
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