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Enhancing Security and Privacy in Head-Mounted Augmented Re-
ality Systems Using Eye Gaze

Matthew Corbett

(ABSTRACT)

Augmented Reality (AR) devices are set apart from other mobile devices by the immer-

sive experience they offer. Specifically, head-mounted AR devices can accurately sense and

understand their environment through an increasingly powerful array of sensors such as cam-

eras, depth sensors, eye gaze trackers, microphones, and inertial sensors. The ability of these

devices to collect this information presents both challenges and opportunities to improve ex-

isting security and privacy techniques in this domain. Specifically, eye gaze tracking is a

ready-made capability to analyze user intent, emotions, and vulnerability, and as an input

mechanism. However, modern AR devices lack systems to address their unique security and

privacy issues. Problems such as lacking local pairing mechanisms usable while immersed in

AR environments, bystander privacy protections, and the increased vulnerability to shoulder

surfing while wearing AR devices all lack viable solutions. In this dissertation, I explore how

readily available eye gaze sensor data can be used to improve existing methods for assuring

information security and protecting the privacy of those near the device. My research has

presented three new systems, , , and that each leverage user

eye gaze to improve security and privacy expectations in or with Augmented Reality. As

these devices grow in power and number, such solutions are necessary to prevent perception

failures that hindered earlier devices. The work in this dissertation is presented in the hope

that these solutions can improve and expedite the adoption of these powerful and useful

devices.



Enhancing Security and Privacy in Head-Mounted Augmented Re-
ality Systems Using Eye Gaze

Matthew Corbett

(GENERAL AUDIENCE ABSTRACT)

Augmented Reality (AR) devices are set apart from other mobile devices by the immersive

experience they offer. The ability of these devices to collect information presents challenges

and opportunities to improve existing security and privacy techniques in this domain. In

this dissertation, I explore how readily available eye gaze sensor data can be used to improve

existing methods for assuring security and protecting the privacy of those near the device. My

research has presented three new systems, , , and that each

leverage user eye gaze to improve security and privacy expectations in or with Augmented

Reality. As these devices grow in power and number, such solutions are necessary to prevent

perception failures that hindered earlier devices. The work in this dissertation is presented

in the hope that these solutions can improve and expedite the adoption of these powerful

and useful devices.
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�2�b�b�2�M�i�B���H �i�Q �i�?�2 �B�K�K�2�`�b�B�p�2 �2�t�T�2�`�B�2�M�+�2 �i�?���i �K���F�2�b ���_ �/�2�p�B�+�2�b �m�M�B�[�m�2 ���M�/ �T�Q�r�2�`�7�m�H�- �/�Q �M�Q�i

�/�B�b�+�`�B�K�B�M���i�2 �B�M �i�?�2 �/���i�� �i�?�2�v �+�Q�H�H�2�+�i�X ���_ �/�2�p�B�+�2�b �+���T�i�m�`�2 �/���i�� �`�2�[�m�B�`�2�/ �7�Q�` �r�2�H�H�@�B�M�i�2�M�i�B�Q�M�2�/

�i���b�F�b �U�2�X�;�X�- �a�G���J�- �T�Q�b�2 �2�b�i�B�K���i�B�Q�M�- ���M�/ �;�2�b�i�m�`�2 �`�2�+�Q�;�M�B�i�B�Q�M�V�- �#�m�i ���H�b�Q �+���T�i�m�`�2 �p�B�b�m���H �U�2�X�;�X�-

�+���K�2�`�� ���M�/ �/�2�T�i�?�V �/���i�� ���#�Q�m�i �#�v�b�i���M�/�2�`�b �U�B�X�2�X�- �T�2�`�b�Q�M�b �b�m�`�`�Q�m�M�/�B�M�; �i�?�2 �/�2�p�B�+�2 �/�m�`�B�M�; �B�i�b

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

�;���B�i�- �2�i�+�X�V �Q�7 �#�v�b�i���M�/�2�`�b �7�Q�` �K���H�B�+�B�Q�m�b �T�m�`�T�Q�b�2�b �(�k�d�- �j�R�- �j�k�- �e�e�- �3�y�- �N�d�)�X �h�?�B�b �i�?�`�2���i �Q�7
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�6�B�;�m�`�2 �R�X�k�, ���M �B�H�H�m�b�i�`���i�B�Q�M �Q�7 �� �K�2�K�Q�`�v �+���`�2 �m�b�2 �+���b�2 �7�Q�` ���_ �/�2�p�B�+�2�b�X �A�M �i�?�B�b �2�t���K�T�H�2�-
�� �K�2�K�Q�`�v �+���`�2 �T���i�B�2�M�i �`�2�[�m�B�`�2�b ���b�b�B�b�i���M�+�2 �r�B�i�? �B�/�2�M�i�B�7�v�B�M�; �+�H�Q�b�2 �7�`�B�2�M�/�b ���M�/ �`�2�H���i�B�p�2�b�X ���M
���T�T�H�B�+���i�B�Q�M�- �m�b�B�M�; ���M ���_ �/�2�p�B�+�2�- �B�/�2�M�i�B�7�B�2�b �7���+�2�b �m�b�B�M�; �7���+�B���H �`�2�+�Q�;�M�B�i�B�Q�M �b�Q�7�i�r���`�2 ���M�/ �T�`�2�b�2�M�i�b
�i�?�2 �M���K�2�b ���M�/�f�Q�` �i�B�i�H�2�b �Q�7 �i�?�2�b�2 �T�2�`�b�Q�M�b �i�Q ���b�b�B�b�i �i�?�2 �m�b�2�`�X �A�M �i�?�B�b �2�t���K�T�H�2�- �i�?�2 �m�b�2�` �B�b �r�2���`�B�M�;
�i�?�2 �/�2�p�B�+�2 ���M�/ �i�?�2 �b�m�#�D�2�+�i �B�b �i�?�2 �T�2�`�b�Q�M �H���#�2�H�2�/ ���b �ó�"�`�Q�i�?�2�`�ô�X �h�?�2 �#�v�b�i���M�/�2�`�- �m�M�B�M�p�Q�H�p�2�/
�r�B�i�? �i�?�B�b �B�M�i�2�`���+�i�B�Q�M�- �B�b �H���#�2�H�2�/ �#�v �i�?�2 �`�2�/ �#�Q�m�M�/�B�M�; �#�Q�t�X �A�K���;�2 �+�`�2���i�2�/ �#�v �.���G�G�@�1 �(�9�)�X

�#�v�b�i���M�/�2�` �/���i�� �H�2���F �B�b �+���H�H�2�/ �i�?�2�"�v�b�i���M�/�2�` �S�`�B�p���+�v �S� �̀Q�#�H�2�K�(�9�9�-�9�8�-�R�8�e�)�X �h�?�2�"�v�b�i���M�/�2�`

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

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

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

�`�2�b�2���`�+�?�- �r�2 �#�2�H�B�2�p�2 �i�?���i �i�?�B�b �T�`�Q�#�H�2�K �B�b �+�Q�K�T�`�B�b�2�/ �Q�7 �i�r�Q �K���B�M �+�Q�K�T�Q�M�2�M�i�b�X �h�?�2 �7�B�`�b�i �B�b

�i�?�2 �i�2�+�?�M�B�+���H �p�m�H�M�2�`���#�B�H�B�i�B�2�b �T�`�2�b�2�M�i �B�M �K�Q�/�2�`�M ���_ �/�2�p�B�+�2�b�X �h�?�2�b�2 �p�m�H�M�2�`���#�B�H�B�i�B�2�b �b�i�2�K �7�`�Q�K

�+�Q���`�b�2�@�;�`���B�M�2�/ �T�2�`�K�B�b�b�B�Q�M�b �7�Q�` �i�?�B�`�/�@�T���`�i�v ���T�T�H�B�+���i�B�Q�M�b ���M�/ �i�?�2 ���#�B�H�B�i�v �Q�7 �i�?�2�b�2 ���T�T�H�B�+���i�B�Q�M�b

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

�+�`�2���i�2�b �i�?�2 �+�Q�M�/�B�i�B�Q�M�b �7�Q�` �i�?�2 �b�2�+�Q�M�/�- �i�?�2 �T�2�`�+�2�T�i�B�Q�M �i�?���i �i�?�2�b�2 �/�2�p�B�+�2�b �+���M �B�M�p���/�2 �#�v�b�i���M�/�2�`

�Q�` �m�b�2�` �T�`�B�p���+�v�X �h�?�B�b �+�Q�K�T�Q�M�2�M�i �/�Q�2�b �M�Q�i �?���p�2 �i�Q �#�2 �7�Q�m�M�/�2�/ �B�M �i�2�+�?�M�B�+���H �`�2���H�B�i�v �U�2�X�;�X�- ���M

���+�i�m���H �T�`�B�p���+�v �p�m�H�M�2�`���#�B�H�B�i�v�V �#�m�i �?���b ���H�b�Q �#�2�2�M �b�?�Q�r�M �i�Q �?�B�M�/�2�` �i�?�2 �b�m�+�+�2�b�b �Q�7 �J�_ �/�2�p�B�+�2�b�X

�1���+�? �+�Q�K�T�Q�M�2�M�i �+���M �2�t�B�b�i �r�B�i�?�Q�m�i �i�?�2 �Q�i�?�2�`�- �#�m�i �r�2 �#�2�H�B�2�p�2 �i�?���i �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 �i�2�+�?�M�B�+���H

�p�m�H�M�2�`���#�B�H�B�i�B�2�b �+���M �2�t���+�2�`�#���i�2 �i�?�2 �T�2�`�+�2�T�i�B�Q�M �B�b�b�m�2�b �i�?���i ���_ �/�2�p�B�+�2�b �?���p�2 �b�m�7�7�2�`�2�/ �7�`�Q�K

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

�b�+�2�M���`�B�Q�b �Q�` ���b�b�B�b�i�B�M�; ���M ���H�x�?�2�B�K�2�`�ö�b �T���i�B�2�M�i �r�B�i�? �K�2�K�Q�`�v �+���`�2 �(�d�k�)�X �h�Q �K���F�2 �i�?�2�b�2 �b�+�2�M���`�B�Q�b

�K�Q�`�2 �+�Q�M�+�`�2�i�2�- �6�B�;�X�R�X�k�T�`�2�b�2�M�i�b ���M �2�t���K�T�H�2�X �A�M �i�?�B�b �2�t���K�T�H�2�- �� �T���i�B�2�M�i �B�M �K�2�K�Q�`�v �+���`�2 �B�b

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

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

�i�Q �B�/�2�M�i�B�7�v ���M�/ �H���#�2�H �T�2�`�b�Q�M�b �Q�7 �B�M�i�2�`�2�b�i �i�Q �i�?�2 �T���i�B�2�M�i �B�M �`�2���H�@�i�B�K�2�X �>�Q�r�2�p�2�`�- �B�/�2�M�i�B�7�v�B�M�;

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

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

�R�X�k�X�k �a�B�M�;�H�2�@�l�b�2�` �a�2�+�m�`�B�i�v �S�`�Q�#�H�2�K�b

�a�?�Q�m�H�/�2�` �a�m�`�7�B�M�; ���i�i���+�F�b �U�a�a���b�V ���`�2 �Q�#�b�2�`�p���i�B�Q�M ���i�i���+�F�b �/�2�b�B�;�M�2�/ �i�Q �+�Q�K�T�`�Q�K�B�b�2 �b�2�M�b�B�i�B�p�2

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

�p�B�+�i�B�K �(�d�j�)�X �h�?�2 ���m�i�?�2�M�i�B�+���i�B�Q�M �B�M�7�Q�`�K���i�B�Q�M �;���B�M�2�/ �7�`�Q�K �i�?�2�b�2 ���i�i���+�F�b �+���M �#�2 �m�b�2�/ �i�Q �+�Q�M�/�m�+�i

�B�/�2�M�i�B�i�v �7�`���m�/ �Q�` �B�H�H�2�;���H�H�v ���+�+�2�b�b �� �p�B�+�i�B�K�ö�b ���+�+�Q�m�M�i �/���i���X �1�p�2�M �B�7 �i�?�2 ���i�i���+�F �B�b ���;���B�M�b�i �Q�i�?�2�`

�K���i�2�`�B���H�- �H�B�F�2 �T�`�B�p���i�2 �+�Q�M�p�2�`�b���i�B�Q�M�b �Q�` �p�B�/�2�Q �+�?���i�b�- �i�?�2�b�2 ���i�i���+�F�b �`�2�p�2���H �i�?�2 �p�B�+�i�B�K�ö�b �b�2�t�m���H

�T�`�2�7�2�`�2�M�+�2�b ���M�/ �B�M�7�Q�`�K���i�B�Q�M �Q�M �`�2�H���i�B�Q�M�b�?�B�T�b �Q�` �?�Q�#�#�B�2�b �(�8�3�)�X �6�Q�` �i�?�2�b�2 �`�2���b�Q�M�b�- �r�2 �+�Q�M�b�B�/�2�`

�i�?�B�b �Q�#�b�2�`�p���i�B�Q�M ���i�i���+�F �� �b�2�+�m�`�B�i�v �T�`�Q�#�H�2�K�X

�>�2���/�@�K�Q�m�M�i�2�/ ���_ �/�2�p�B�+�2�b ���`�2 �/�2�b�B�;�M�2�/ �i�Q �#�2 �m�b�2�/ �/�m�`�B�M�; �M�Q�`�K���H �B�M�i�2�`���+�i�B�Q�M�b �r�B�i�? �i�?�2 �m�b�2�`�ö�b

�T�?�v�b�B�+���H �2�M�p�B�`�Q�M�K�2�M�i �(�e�y�)�X �h�?�B�b �+���M �B�M�+�H�m�/�2 �r�?�2�M �i�?�2 �m�b�2�` �B�b �Q�#�b�2�`�p�B�M�; �b�2�M�b�B�i�B�p�2 �+�Q�M�i�2�M�i�-

�B�M�+�H�m�/�B�M�; �Q�M �H���T�i�Q�T�b�- �/�2�b�F�i�Q�T�b�- �K�Q�#�B�H�2 �/�2�p�B�+�2�b�- �Q�` �2�p�2�M �r�?�B�H�2 �r�`�B�i�B�M�; �b�2�M�b�B�i�B�p�2 �B�M�7�Q�`�K���i�B�Q�M

�U�2�X�;�X�- �M���K�2�b ���M�/ ���/�/�`�2�b�b�2�b�V �Q�M �T���T�2�`�X �q�?�B�H�2 �a�a���b ���`�2 �M�Q�i �m�M�B�[�m�2 �i�Q �p�B�+�i�B�K�b �r�2���`�B�M�; ���_

�>�J�.�- �U�b�m�+�? �T�`�Q�#�H�2�K�b �2�t�B�b�i �r�B�i�? ���+�+�2�b�b�B�M�; �b�2�M�b�B�i�B�p�2 �B�M�7�Q�`�K���i�B�Q�M �Q�M �+�2�H�H �T�?�Q�M�2�b�- �7�Q�` �2�t���K�T�H�2�V�-

�i�?�2 �m�b�2 �Q�7 �b�m�+�? �� �/�2�p�B�+�2 �+���M �2�t���+�2�`�#���i�2 �i�?�2 �T�`�Q�#�H�2�K �r�?�2�M �i�?�2 �>�J�.�@�r�2���`�2�` �B�b �T�Q�i�2�M�i�B���H�H�v

�/�B�b�i�`���+�i�2�/ �r�B�i�? �Q�i�?�2�` �i���b�F�b ���M�/ �H�2�b�b ���r���`�2 �Q�7 �T�Q�i�2�M�i�B���H �/���M�;�2�`�b �(�R�d�9�)�X �:�B�p�2�M �i�?�2�b�2 �2�M�?���M�+�2�/
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�M�Q�i �/�2�i�2�+�i�B�M�; �i�?�2 ���i�i���+�F �r�?�B�H�2 �B�i �B�b �B�M �T�`�Q�;�`�2�b�b�X ���+�i�B�p�2 �i�2�+�?�M�B�[�m�2�b �b�2�2�F �i�Q �B�/�2�M�i�B�7�v �i�?�2 ���i�i���+�F�2�`

�B�M �`�2���H�@�i�B�K�2 ���M�/ ���H�2�`�i �i�?�2 �p�B�+�i�B�K�- �;�B�p�B�M�; �i�?�2�K �� �+�?���M�+�2 �i�Q �B�M�i�2�`�p�2�M�2�- �K�Q�p�2�- �Q�` �Q�i�?�2�`�r�B�b�2

���/�/�`�2�b�b �i�?�2 �b�B�i�m���i�B�Q�M�X �h�?�B�b �i�2�+�?�M�B�[�m�2 �;�B�p�2�b �i�?�2 �T�Q�i�2�M�i�B���H �p�B�+�i�B�K �i�?�2 �+�?���M�+�2 �i�Q �T�`�2�p�2�M�i �i�?�2

���i�i���+�F �7�`�Q�K �?���T�T�2�M�B�M�;�X

�k�X�k�X�k �S���b�b�B�p�2 �a�Q�H�m�i�B�Q�M�b

�S���b�b�B�p�2 �i�2�+�?�M�B�[�m�2�b ���`�2 �i�?�Q�b�2 �i�?���i �/�Q �M�Q�i �b�2�2�F �i�Q �B�/�2�M�i�B�7�v �i�?�2 ���i�i���+�F�2�` �Q�` �`�2���+�i �i�Q �i�?�2 ���i�i���+�F�c

�i�?�2�v �K�2�`�2�H�v �b�2�2�F �i�Q �K���F�2 �i�?�2 �+�?���M�+�2�b �Q�7 �i�?�2 ���i�i���+�F�2�`�ö�b �b�m�+�+�2�b�b �H�Q�r�2�`�X �1�t�B�b�i�B�M�; �T���b�b�B�p�2

�a�a�� �b�Q�H�m�i�B�Q�M�b �+���M �#�2 �/�B�p�B�/�2�/ �B�M�i�Q �7�B�p�2 �+���i�2�;�Q�`�B�2�b�- �#���b�2�/ �Q�M �i�?�2 �K�2�i�?�Q�/�b �m�b�2�/ �i�Q �/�2�7�2���i

�i�?�2 �T�Q�i�2�M�i�B���H ���i�i���+�F�2�`�X �U�R�V �1�v�2�@�;���x�2�@�#���b�2�/ �i�2�+�?�M�B�[�m�2�b �H�2�i �m�b�2�`�b �m�b�2 �i�?�2�B�` �2�v�2 �;���x�2 �i�Q �2�M�i�2�`

�b�2�M�b�B�i�B�p�2 �B�M�7�Q�`�K���i�B�Q�M�- �b�m�+�? ���b �Q�M ���M ���h�J �S�A�L �T���/ �(�9�e�) �Q�` �Q�M �� �F�2�v�#�Q���`�/ �(�N�e�) ���M�/ �K���F�2

�i�?�2 �B�M�7�Q�`�K���i�B�Q�M �K�Q�`�2 �/�B�7�7�B�+�m�H�i �i�Q �Q�#�b�2�`�p�2�X ���/�/�B�i�B�Q�M���H �2�v�2�@�;���x�2�@�#���b�2�/ �i�2�+�?�M�B�[�m�2�b �m�b�2 �ó�2�v�2

�;�2�b�i�m�`�2�b�ô �Q�` �b�T�2�+�B�7�B�+ �2�v�2 �K�Q�p�2�K�2�M�i�b �7�Q�` ���m�i�?�2�M�i�B�+���i�B�Q�M �Q�` �/���i�� �2�M�i�`�v�X �U�k�V �S�A�L�@�#���b�2�/ �K�2�i�?�Q�/�b

�b�m�+�? ���b �(�k�k�-�9�3�-�N�3�-�R�8�8�-�R�d�y�) �+�`�2���i�2 �S�A�L �2�M�i�`�v �b�+�?�2�K�2�b �/�2�b�B�;�M�2�/ �i�Q �K���F�2 �B�i �/�B�7�7�B�+�m�H�i �7�Q�` �i�?�2

���i�i���+�F�2�` �i�Q �Q�#�b�2�`�p�2�- �`�2�+�Q�`�/�- �Q�` �;�m�2�b�b �i�?�2 �S�A�L�X �h�?�2�b�2 �i�2�+�?�M�B�[�m�2�b �b�2�2�F �i�Q �`�2�/�m�+�2 ���i�i���+�F �b�m�+�+�2�b�b

�#�v ���H�i�2�`�B�M�; �i�?�2 �S�A�L �2�M�i�`�v �7�Q�`�K���i ���M�/ �+�Q�K�T�H�B�+���i�B�M�; �i�?�2 ���i�i���+�F�2�`�ö�b ���#�B�H�B�i�v �i�Q �Q�#�b�2�`�p�2�X �U�j�V

�S���i�i�2�`�M�- �H�Q�+���i�B�Q�M�- �Q�` �;�`���T�?�B�+�@�#���b�2�/ �i�2�+�?�M�B�[�m�2�b �b�m�+�? ���b �(�k�9�- �k�3�- �j�y�- �8�d�) �b�2�2�F �i�Q �`�2�K�Q�p�2 ��

�m�M�B�[�m�2�H�v �B�/�2�M�i�B�7�v�B�M�; �B�i�2�K �b�m�+�? ���b �� �T���b�b�r�Q�`�/ �Q�` �S�A�L ���M�/ ���/�/ �B�M �� �T���i�i�2�`�M �H�B�F�2 �� �b�2�`�B�2�b �Q�7
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���+�i�B�p�2 �a�a�� �a�Q�H�m�i�B�Q�M�b�S�`�Q�i�2�+�i�B�Q�M �.�Q�K���B�M
�.�B�;�B�i���H�S�?�v�b�B�+���H

�S�`�B�p���+�v�a�+�Q�m�i �(�k�y�) 3 7
�B���H�2�`�i �(�3�) 3 7

���`�2 �h�?�2�v ���+�i�m���H�H�v �G�Q�Q�F�B�M�;�\ �(�R�d�k�) 3 7
���h�J �J�B�`�`�Q�`�b �(�R�y�R�) 7 3

�h���#�H�2 �k�X�R�, �� �+�Q�K�T���`�B�b�Q�M �Q�7 �+�m�`�`�2�M�i ���+�i�B�p�2 �b�Q�H�m�i�B�Q�M�b �i�Q �a�a���b�X

�T�B�+�i�m�`�2�b�- �Q�` �T�?�v�b�B�+���H �H�Q�+���i�B�Q�M �Q�M�H�v ���M ���m�i�?�Q�`�B�x�2�/ �m�b�2�` �r�Q�m�H�/ �F�M�Q�r�X �U�9�V �P�#�b�+�m�`���i�B�Q�M�@�#���b�2�/

�K�2�i�?�Q�/�b �H�B�F�2 �(�d�-�k�N�-�R�N�k�) �T�`�Q�p�B�/�2 �� �T�?�v�b�B�+���H �#���`�`�B�2�` �i�Q �a�a���b �U�2�X�;�X�- �� �b�+�`�2�2�M �T�`�Q�i�2�+�i�Q�`�V �b�m�+�?

�i�?���i �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �+���M �Q�M�H�v �#�2 �p�B�2�r�2�/ �7�`�Q�K �/�B�`�2�+�i�H�v �B�M �7�`�Q�M�i �Q�7 �i�?�2 �/�2�p�B�+�2�X �a�Q�K�2 �i�2�+�?�M�B�[�m�2�b

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

���M�/ �m�b�2 �p�B�#�`���i�B�Q�M �Q�` �"�`���B�H�H�2�@�#���b�2�/ �K�2�i�?�Q�/�b �(�R�y�- �R�j�)�X �6�B�M���H�H�v�- �U�8�V �K�m�H�i�B�K�Q�/���H �i�2�+�?�M�B�[�m�2�b

�b�m�+�? ���b �(�k�-�3�d�-�3�3�) �b�2�2�F �i�Q �+�Q�K�#�B�M�2 �2�v�2 �;���x�2 ���M�/ �T�?�v�b�B�+���H �K�Q�i�B�Q�M �i�Q �Q�p�2�`�+�Q�K�2 �i�?�2 ���#�B�H�B�i�v �Q�7

���i�i���+�F�2�`�b �i�Q �i�`���+�F �m�b�2�` �2�v�2 �;���x�2 ���M�/ �b�B�K�m�H���i�2 �B�M�T�m�i�X �h�?�2�b�2 �i�2�+�?�M�B�[�m�2�b �+�Q�K�T�`�B�b�2 �i�?�2 �K���D�Q�`�B�i�v

�Q�7 �2�t�B�b�i�B�M�; �b�Q�H�m�i�B�Q�M�b �i�Q �a�a���b�- �#�m�i �i�?�2�v ���`�2 �M�Q�i �m�b���#�H�2 �B�M �b�+�2�M���`�B�Q�b �b�m�+�? ���b �T�`�Q�i�2�+�i�B�M�; �b�2�M�b�B�i�B�p�2

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

�k�X�k�X�j ���+�i�B�p�2 �a�Q�H�m�i�B�Q�M�b

���+�i�B�p�2 �a�a�� �b�Q�H�m�i�B�Q�M�b �b�2�2�F �i�Q �/�2�i�2�+�i ���M ���i�i���+�F �B�M �`�2���H�@�i�B�K�2 ���M�/ �i�Q �T�`�2�p�2�M�i �i�?�2 ���i�i���+�F �7�`�Q�K �2�p�2�`

�Q�+�+�m�`�`�B�M�; �T�Q�i�2�M�i�B���H�H�v�X �h���#�H�2�k�X�R�Q�m�i�H�B�M�2�b �2�t�B�b�i�B�M�; ���+�i�B�p�2 �b�Q�H�m�i�B�Q�M�b ���M�/ �b�2�T���`���i�2�b �i�?�2�K �#�v �i�?�2�B�`

�T�`�Q�i�2�+�i�B�Q�M �/�Q�K���B�M�X �a�Q�K�2 �i�2�+�?�M�B�[�m�2�b �b�2�2�F �i�Q ���H�2�`�i �� �m�b�2�` �i�Q �� �T�Q�i�2�M�i�B���H ���i�i���+�F�2�` �#�v �B�/�2�M�i�B�7�v�B�M�;

�7���+�2�b �B�M �i�?�2 �7�B�2�H�/�@�Q�7�@�p�B�2�r �Q�7 �� �7�`�Q�M�i�@�7���+�B�M�; �+���K�2�`�� ���M�/ ���M���H�v�x�B�M�; �2�v�2 �;���x�2 �(�3�-�k�y�-�R�d�k�)�X �P�i�?�2�`

�i�2�+�?�M�B�[�m�2�b �m�b�2 �K�B�`�`�Q�`�b�- �H�B�F�2 �i�?�2 �#�m�B�H�i�@�B�M �T�`�Q�i�2�+�i�B�Q�M�b ���i ���h�J�b�- �i�Q �?�2�H�T �i�?�2 �T�Q�i�2�M�i�B���H �p�B�+�i�B�K

�B�/�2�M�i�B�7�v �i�?�2�b�2 �7���+�2�b �(�R�y�R�-�R�9�e�)�X �h�?�2�b�2 �i�2�+�?�M�B�[�m�2�b ���H�H �`�2�H�v �Q�M �H�Q�+���i�B�M�; �7���+�2�b ���`�Q�m�M�/ �i�?�2 �m�b�2�`

���M�/ �2�p���H�m���i�B�M�; �i�?�2 �/�B�b�i���M�+�2 �Q�7 �i�?�2 �7���+�2 ���M�/�f�Q�` �i�?�2 �T�2�`�b�Q�M�ö�b �2�v�2 �;���x�2 �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 ���i�i���+�F

�H�B�F�2�H�B�?�Q�Q�/�X �>�Q�r�2�p�2�`�- �i�?�2�b�2 �b�Q�H�m�i�B�Q�M�b ���`�2 �H�B�K�B�i�2�/ �#�v �i�?�2 �7�B�2�H�/ �Q�7 �p�B�2�r �Q�7 �i�?�2 �/�2�p�B�+�2�ö�b �+���K�2�`��
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�Q�` �K�B�`�`�Q�`�X �A�7 �i�?�2 �m�b�2�` �B�b �T�Q�b�B�i�B�Q�M�2�/ �B�M �� �r���v �i�?���i �#�H�Q�+�F�b �i�?�2 �+���K�2�`�� �Q�` �K�B�`�`�Q�`�ö�b �p�B�2�r �Q�7 �i�?�2

���i�i���+�F�2�`�- �B�i �r�B�H�H �#�2 �?���`�/ �i�Q �/�2�i�2�+�i �i�?�2 ���i�i���+�F�X ���H�b�Q�- �i�?�2�b�2 �b�Q�H�m�i�B�Q�M�b ���`�2 �H�B�K�B�i�2�/ �i�Q �� �b�B�M�;�H�2

�/�Q�K���B�M�- �b�m�+�? ���b �T�`�Q�i�2�+�i�B�M�; �� �S�A�L �T���/�Q��̀� �K�Q�#�B�H�2 �/�2�p�B�+�2�X �q�B�i�? �i�?�2 �T�Q�i�2�M�i�B���H �2�t�+�2�T�i�B�Q�M �Q�7 �i�?�2

���h�J �S�A�L �S���/�- �M�Q �+�m�`�`�2�M�i ���+�i�B�p�2 �b�Q�H�m�i�B�Q�M �+���M �/�2�i�2�+�i �Q�` �T�`�2�p�2�M�i ���i�i���+�F�b �B�M �Q�i�?�2�` �b�+�2�M���`�B�Q�b�X

�6�B�M���H�H�v�- �i�?�2�b�2 �b�Q�H�m�i�B�Q�M�b ���`�2 �;�2�M�2�`���H�H�v �M�Q�i �K�Q�#�B�H�2�X ���M ���h�J �K�B�`�`�Q�` �+���M �T�`�Q�i�2�+�i �i�?�2 �m�b�2�` ���i

�i�?�2 ���h�J �Q�` �B�M �B�i�b �p�B�+�B�M�B�i�v�- �#�m�i �+���M�M�Q�i �T�`�Q�i�2�+�i �i�?�B�b �T�2�`�b�Q�M �Q�M�+�2 �i�?�2�v �K�Q�p�2 ���r���v�X �1�t�B�b�i�B�M�;

���+�i�B�p�2 �b�Q�H�m�i�B�Q�M�b�- �H�B�F�2 �T���b�b�B�p�2 �i�2�+�?�M�B�[�m�2�b�- �H���+�F �#�`�Q���/ �m�b�2 �+���b�2�b�X

�S���b�b�B�p�2 ���M�/ ���+�i�B�p�2 �b�Q�H�m�i�B�Q�M�b ���`�2 �� �+�Q�M�p�2�M�B�2�M�i �r���v �i�Q �/�B�p�B�/�2 �2�t�B�b�i�B�M�; �r�Q�`�F �#�m�i ���H�b�Q ���`�2 �Q�`�@

�i�?�Q�;�Q�M���H �i�Q �2���+�? �Q�i�?�2�`�X �"�2�+���m�b�2 �T���b�b�B�p�2 �b�Q�H�m�i�B�Q�M�b �T�`�Q�i�2�+�i ���m�i�?�2�M�i�B�+���i�B�Q�M ���M�/ ���+�i�B�p�2 �b�Q�H�m�i�B�Q�M�b

���H�2�`�i �i�?�2 �m�b�2�` �i�Q �a�a���b �B�M �b�T�2�+�B�7�B�+ �b�+�2�M���`�B�Q�b�- �r�2 �+���M�M�Q�i �+�Q�K�T���`�2 �i�?�2�K �/�B�`�2�+�i�H�v�X �q�2 �T�`�2�b�2�M�i

�i�?�2�b�2 �b�Q�H�m�i�B�Q�M�b �M�Q�i �B�M �/�B�`�2�+�i �+�Q�K�T���`�B�b�Q�M�- �#�m�i ���b ���M �2�t���K�T�H�2 �Q�7 �i�?�2 �H���+�F �Q�7 �m�b���#�B�H�B�i�v �B�M �2�t�B�b�i�B�M�;

�r�Q�`�F�X

�k�X�j �J�m�H�i�B�@�l�b�2�` �S�`�Q�#�H�2�K�b

�q�2 �`�2�p�B�2�r �i�?�2 �2�t�T���M�b�2 �Q�7 �+�m�`�`�2�M�i �r�Q�`�F �`�2�H���i�2�/ �i�Q �i�?�2 �i�Q�T�B�+ �Q�7 �2�7�7�B�+�B�2�M�i ���_ �/�2�p�B�+�2 ���m�i�?�2�M�i�B�+���@

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