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Abstract Tsunamigenic earthquakes pose a large hazard in subduction zones, but it is currently
unclear in which - if any - tectonic setting they preferentially occur. Here, we compile the global
Subduction Nature & Interconnected Tsunamigenic earthquake Characteristics (SNITCH) database
with parameters on subduction geometry, tectonics, and megathrust seismicity, and 329 tsunami
events caused by earthquakes that were recorded in subduction zones between 1962 and 2018. We
aim to identify potential correlations between tsunamigenic earthquake behaviour and subduction
zone characteristics. We first use a bivariate regression analysis to find first-order correlations
between the normalised number of earthquake-generated tsunami events Nt and the megathrust
seismicity and tectonic parameters characterising a subduction zone. We confirm self-evident
correlations between Nt and the number and magnitude of earthquakes and subduction kinematics.
We then apply a multivariate Fisher analysis to see which combination of tectonic parameters best
distinguishes subduction zone segments in which relatively many and few tsunami events caused
by earthquakes have occurred. Despite the scarcity of the tsunami data, we consistently find that
the type of margin (i.e., erosional or accretionary), the trench-normal component of the subduction
and convergence velocity, the amount of trench sediments, and the roughness of the incoming plate
are related to the number of earthquake-generated tsunami events. Our results therefore suggest
that tsunamigenic earthquakes may occur more frequently in tectonic settings where plates subduct
relatively fast beneath a sediment-starved, erosional margin with a complex, shallow subduction
interface, characterised by multiple faults and fractures.

Tsunamigenic earthquakes are defined as earthquakes
that cause tsunamis and usually occur on thrust
faults in subduction zones. In the past decades,
tsunamigenic earthquakes have greatly impacted society,
with the most notable events being the 2004 Mw 9.1–9.3
Sumatra-Andaman earthquake and resulting Indian
Ocean tsunami, and the 2011 Mw 9.0 Tōhoku-Oki
earthquake and tsunami (e.g., Lay et al., 2005; Titov
et al., 2005; Fujii et al., 2011; Ozawa et al., 2011).
During these large events, the megathrust typically plays
the most important role, as it provides the largest
potential slip area, and is therefore capable of producing
the largest earthquake with an accompanying tsunami.
However, other faults than the megathrust, such as
normal faults in the outer rise or splay faults in the
imbricate thrust system in the subduction wedge, likely
play an important role in tsunamigenesis as well (e.g.,
Fukao, 1979; Sibuet et al., 2007; Waldhauser et al., 2012;
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Hubbard et al., 2015; von Huene et al., 2016; Fan et al.,
2017; Sladen and Trevisan, 2018). Since these faults have
steeper dips than the megathrust, they can accommodate
more vertical displacements for similar amounts of slip
(Wendt et al., 2009; Hananto et al., 2020; Van Zelst et al.,
2022). However, it is difficult to determine whether an
earthquake ruptured along the megathrust or a splay
fault, due to the uncertainty in earthquake and tsunami
source localisation (Sibuet et al., 2007; Waldhauser et al.,
2012).

The large megathrust earthquakes responsible for
generating the largest tsunami events are typically
associated with a smooth incoming plate and a large
trench sediment thickness (Ruff , 1989; Heuret et al.,
2012; Wang and Bilek, 2014; Scholl et al., 2015; Brizzi
et al., 2018; Van Rijsingen et al., 2018). Similarly, a
buried megathrust (Carvajal et al., 2022), slip depth
(Carvajal et al., 2022), structural features on the
incoming plate, such as subducting fracture zones and
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�i�b�m�M���K�B�;�2�M�2�b�B�b �r�B�i�?�Q�m�i ���M�v �#�B���b �i�Q�r���`�/�b �i�?�2 �b�B�x�2 �Q�7 �i�?�2
�i�`�B�;�;�2�`�B�M�; �2���`�i�?�[�m���F�2 �2�p�2�M�i�X ���b �b�m�+�?�- �r�2 �+���M �B�M�p�2�b�i�B�;���i�2
�r�?�2�i�?�2�` �i�?�2�`�2 ���`�2 ���M�v �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �T���`���K�2�i�2�`�b �i�?���i
���`�2 �+�Q�M�/�m�+�B�p�2 �i�Q �i�?�2 �T�?�v�b�B�+���H �T�`�Q�+�2�b�b �Q�7 �;�2�M�2�`���i�B�M�; ��
�i�b�m�M���K�B�- �`�2�;���`�/�H�2�b�b �Q�7 �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �i�b�m�M���K�B �i�?���i �2�M�b�m�2�b�X

�k �"�B�p���`�B���i�2 �b�i���i�B�b�i�B�+���H ���M���H�v�b�B�b�, ��
�}�`�b�i�@�Q�`�/�2�` �H�Q�Q�F �B�M�i�Q
�`�2�H���i�B�Q�M�b�?�B�T�b �#�2�i�r�2�2�M �i�b�m�M���K�B
�2�p�2�M�i�b ���M�/ �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2
�+�?���`���+�i�2�`�B�b�i�B�+�b

�k�X�R�J�2�i�?�Q�/�b

�q�2 �+���H�+�m�H���i�2 �i�?�2 �S�2���`�b�Q�M�ö�b �T�`�Q�/�m�+�i�@�K�Q�K�2�M�i �+�Q�`�`�2�H���i�B�Q�M
�+�Q�2�{�+�B�2�M�iRp �#�2�i�r�2�2�M �i�?�2 �M�m�K�#�2�` �Q�7 �i�b�m�M���K�B �2�p�2�M�i�b�-
N t ���M�/N t; tot �- ���M�/ �i�?�2 �T���`���K�2�i�2�`�b �[�m���M�i�B�7�v�B�M�; �/�B�z�2�`�2�M�i
�b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �U�b�2�2�o���M �w�2�H�b�i�- �k�y�k�8�-
�7�Q�` �i�?�2 �b�+�`�B�T�i�b �m�b�2�/�V�X �h�?�2 �S�2���`�b�Q�M�ö�b �T�`�Q�/�m�+�i�@�K�Q�K�2�M�i
�+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �;�B�p�2�b �B�M�b�B�;�?�i �B�M�i�Q �i�?�2 �H�B�M�2���`
�+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�r�Q �p���`�B���#�H�2�b�X �h�Q �`�2�/�m�+�2 �i�?�2 �2�z�2�+�i
�Q�7 �Q�m�i�H�B�2�`�b �Q�M �H�B�M�2���` �+�Q�`�`�2�H���i�B�Q�M�b�- �r�2 ���H�b�Q �+���H�+�m�H���i�2
�i�?�2 �a�T�2���`�K���M �`���M�F �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i� �- �B�M �r�?�B�+�?
�i�?�2 �b�B�K�B�H���`�B�i�v �Q�` �K�Q�M�Q�i�Q�M�B�+�B�i�v �#�2�i�r�2�2�M �i�r�Q �p���`�B���#�H�2�b �B�b
���b�b�2�b�b�2�/�- �`�2�;���`�/�H�2�b�b �Q�7 ���M�v �H�B�M�2���` �`�2�H���i�B�Q�M�b�?�B�T �i�?���i �K�B�;�?�i
�2�t�B�b�i �#�2�i�r�2�2�M �i�?�2�K�X

�h�Q �7�Q�+�m�b �Q�m�` ���M���H�v�b�B�b�- �r�2 �+�Q�M�b�B�/�2�` �� �`�2�H���i�B�Q�M�b�?�B�T
�#�2�i�r�2�2�M �i�r�Q �p���`�B���#�H�2�b �r�Q�`�i�?�v �Q�7 �7�m�`�i�?�2�` �B�M�p�2�b�i�B�;���i�B�Q�M �B�7
�#�Q�i�? �i�?�2 �S�2���`�b�Q�M ���M�/ �a�T�2���`�K���M �+�Q�`�`�2�H���i�B�Q�M�b ���`�2 �?�B�;�?�2�`
�i�?���M �Q�` �2�[�m���H �i�Q0:3 �U�>�2�m� �̀2�i �2�i ���H�X�-�k�y�R�R�V �r�B�i�?p�@�p���H�m�2�b
�b�K���H�H�2�` �i�?���M0:05 �U�B�X�2�X�- �i�?�2�`�2 �B�b �H�2�b�b �i�?���M �� �8�W �+�?���M�+�2 �i�?���i
�i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �Q�7 �i�?�2�`�2 �#�2�B�M�; �M�Q �+�Q�`�`�2�H���i�B�Q�M �B�b �i�`�m�2�V�X
p�@�p���H�m�2�b �7�Q�` �i�?�2 �a�T�2���`�K���M �+�Q�`�`�2�H���i�B�Q�M�b ���`�2 �B�M�/�B�+���i�2�/ �#�v
p ���M�/p�@�p���H�m�2�b �7�Q�` �S�2���`�b�Q�M �+�Q�`�`�2�H���i�B�Q�M�b ���`�2 �B�M�/�B�+���i�2�/ �#�v
pp�X �6�Q�` �p�B�b�m���H�B�b�B�M�; �Q�m�` �`�2�b�m�H�i�b�- �r�2 �b�?�Q�r �a�T�2���`�K���M�ö�b �`���M�F
�+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �U�a�2�+�i�B�Q�M�k�X�k�V�- �#�2�+���m�b�2 �B�i �i�v�T�B�+���H�H�v
�b�?�Q�r�b �i�?�2 �?�B�;�?�2�b�i �+�Q�`�`�2�H���i�B�Q�M�b�X �h�?�B�b �B�b �/�m�2 �i�Q �i�?�2 �7���+�i
�i�?���i �i�?�2 �/���i�� �B�b �M�Q�i �H�B�M�2���`�- ���M�/ �+���M �K�Q�`�2 �2���b�B�H�v �#�2
�/�2�b�+�`�B�#�2�/ �#�v �� �K�Q�M�Q�i�Q�M�B�+ �`�2�H���i�B�Q�M�b�?�B�T�X �>�Q�r�2�p�2�`�- �i�?�2
�/�B�z�2�`�2�M�+�2�b �B�M �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�b �#�2�i�r�2�2�M �i�?�2 �i�r�Q
�K�2�i�?�Q�/�b �B�b �Q�M ���p�2�`���;�2 �Q�M�H�v �� �7�2�r �T�2�`�+�2�M�i�X �h�?�2 �`�2�b�m�H�i�b
�7�Q�` �S�2���`�b�Q�M�ö�b �T�`�Q�/�m�+�i�@�K�Q�K�2�M�i �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �+���M
�#�2 �7�Q�m�M�/ �B�M �i�?�2�a�m�T�T�Q�`�i�B�M�; �A�M�7�Q�`�K���i�B�Q�M�X

�k�X�k�_�2�b�m�H�i�b

�h�?�2 �a�T�2���`�K���M�ö�b �`���M�F �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �K���i�`�B�t �Q�7
�i�?�2 �i�b�m�M���K�B �2�p�2�M�i �T���`���K�2�i�2�`�b �Q�7 �a�L�A�h�*�>�@�k�y�y�d ���M�/ �i�?�2
�K�2�;���i�?�`�m�b�i �b�2�B�b�K�B�+�B�i�v �T���`���K�2�i�2�`�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2�j���X
N t �+�Q�`�`�2�H���i�2�b �r�2�H�H �r�B�i�? �i�?�2 �M�m�K�#�2�` �Q�7 �2���`�i�?�[�m���F�2�bNeq

�U� = �y�X�8�d�V�- �i�?�2 �b�2�B�b�K�B�+�B�i�v �`���i�2� �U� = �y�X�e�j�V�- ���M�/ �i�?�2
�p���`�B�Q�m�b �K�2���b�m�`�2�b �Q�7 �i�?�2 �K���t�B�K�m�K �2���`�i�?�[�m���F�2 �K���;�M�B�i�m�/�2
�U�y�X�j�9< � < �y�X�9�e�V�X �h�?�B�b �B�M�/�B�+���i�2�b �i�?���i �K�Q�`�2 �i�b�m�M���K�B�b
���`�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i�b �i�?���i �?���p�2
�2�t�T�2�`�B�2�M�+�2�/ �H���`�;�2�` �K�2�;���i�?�`�m�b�i �2���`�i�?�[�m���F�2�b�X

�h�?�2�`�2 ���`�2 �M�Q �b�B�;�M�B�}�+���M�i �+�Q�`�`�2�H���i�B�Q�M�b �#�2�i�r�2�2�M �i�?�2
�;�2�Q�K�2�i�`�B�+ �T���`���K�2�i�2�`�b �/�2�b�+�`�B�#�B�M�; �i�?�2 �b�2�B�b�K�Q�;�2�M�B�+ �x�Q�M�2
���M�/ �b�m�#�/�m�+�i�B�M�; �T�H���i�2 ���M�/ �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �i�b�m�M���K�B
�2�p�2�M�i�b �Q�7 �a�L�A�h�*�>�@�k�y�y�d �U�6�B�;�m�`�2�j�#�V �B�M �i�?�B�b �#�B�p���`�B���i�2
���M���H�v�b�B�b�X

�h�?�2 �i�2�+�i�Q�M�B�+ �T���`���K�2�i�2�`�b �/�2�b�+�`�B�#�2 �i�?�2 �H���`�;�2 �b�+���H�2
�b�i�`�m�+�i�m�`�2�- �;�2�Q�K�2�i�`�v�- �F�B�M�2�K���i�B�+�b�- ���M�/ �M���i�m�`�2 �Q�7 �i�?�2
�b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�X �a�B�M�+�2 �i�?�2 �i�2�+�i�Q�M�B�+ �T���`���K�2�i�2�`�b ���`�2
�M�Q�i �B�M�~�m�2�M�+�2�/ �#�v �� �H�B�K�B�i�2�/ �Q�#�b�2�`�p���i�B�Q�M���H �i�B�K�2 �b�T���M�-
�r�2 �+�Q�`�`�2�H���i�2 �i�?�2�K �r�B�i�? �i�?�2 �i�b�m�M���K�B �2�p�2�M�i�b �7�`�Q�K
�i�?�2 �a�L�A�h�*�> �/���i���#���b�2 �B�M�+�H�m�/�B�M�; �2�M�i�`�B�2�b �m�M�i�B�H �k�y�R�3
�U�6�B�;�m�`�2�j�+�V�X

�q�2 �}�M�/ �� �T�Q�b�B�i�B�p�2 �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �i�v�T�2 �Q�7
�K���`�;�B�MAvsE ���M�/N t �U� = �y�X�j�8�V�- �r�?�B�+�? �i�`���M�b�H���i�2�b �i�Q
�2�`�Q�b�B�Q�M���H �K���`�;�B�M�b �#�2�B�M�; ���b�b�Q�+�B���i�2�/ �K�Q�`�2 �r�B�i�? �i�b�m�M���K�B
�2�p�2�M�i�b�X �h�?�B�b �B�b �+�Q�`�`�Q�#�Q�`���i�2�/ �#�v �i�?�2 �M�2�;���i�B�p�2 �+�Q�`�`�2�H���i�B�Q�M
�#�2�i�r�2�2�MN t ���M�/Tsed �U� = �@�y�X�9�y�V�X

N t ���H�b�Q �+�Q�`�`�2�H���i�2�b �T�Q�b�B�i�B�p�2�H�v �r�B�i�? �i�?�2 �i�`�2�M�+�?�@�M�Q�`�K���H
�+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �b�m�#�/�m�+�i�B�Q�M ���M�/ �+�Q�M�p�2�`�;�2�M�+�2 �p�2�H�Q�+�B�i�v
�Uvsn ���M�/vcn �c� = �y�X�e�e ���M�/� = �y�X�9�d�- �`�2�b�T�2�+�i�B�p�2�H�v�V�- �r�?�B�+�?
�+�Q�K�T�H�B�2�b �r�B�i�? �i�?�2 �;�2�M�2�`���H �B�/�2�� �i�?���i �K�Q�`�2 �i�b�m�M���K�B�;�2�M�B�+
�2���`�i�?�[�m���F�2�b �r�Q�m�H�/ �#�2 �`�2�+�Q�`�/�2�/ �/�m�`�B�M�; �i�?�2 �b���K�2 �i�B�K�2
�b�T���M �B�M �b�2�i�i�B�M�;�b �r�?�2�`�2 �i�?�2 �b�i�`�2�b�b �#�m�B�H�/�@�m�T �B�b �K�Q�`�2 �`���T�B�/�X
�>�Q�r�2�p�2�`�- ���b �b�2�2�M �B�M �i�?�2 �b�+���i�i�2�` �T�H�Q�i�b �B�M �6�B�;�m�`�2�9�- �i�?�2
�`�2�H���i�B�Q�M�b�?�B�T�b ���`�2 �M�Q�i �T�2�`�7�2�+�i�H�v �b�i�`���B�;�?�i�7�Q�`�r���`�/�- ���H�i�?�Q�m�;�?
�i�?�2 �i�`�2�M�/�b ���`�2 �+�H�2���`�H�v �p�B�b�B�#�H�2�X �h�?�B�b �B�b �H�B�F�2�H�v �#�2�+���m�b�2
�Q�i�?�2�` �7���+�i�Q�`�b �#�2�b�B�/�2�b �i�?�2 �p�2�H�Q�+�B�i�v�- �b�m�+�? ���b �i�?�2 �+�Q�m�T�H�B�M�;
�Q�M �i�?�2 �B�M�i�2�`�7���+�2�- ���H�b�Q �T�H���v �� �}�`�b�i�@�Q�`�/�2�` �`�Q�H�2 �B�M �2���`�i�?�[�m���F�2
�7�`�2�[�m�2�M�+�v�X

�6�B�;�m�`�2�9 �7�m�`�i�?�2�` �b�?�Q�r�b �i�?���i �H���`�;�2N t �Q�M�H�v �Q�+�+�m�`�b
�7�Q�` �H�Q�r �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�bTsed�- ���H�i�?�Q�m�;�? �i�?�2�`�2 �B�b

�8�R�%�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�8�8�8�d�8�f�i�2�F�i�Q�M�B�F���k�y�k�8�X�j�X�R�X�3�3 �h�1�E�h�P�L�A�E�� �% �p�Q�H�m�K�2 �j�X�R �% �k�y�k�8



�h�1�E�h�P�L�A�E�� �%�_�1�a�1���_�*�> ���_�h�A�*�G�1 �% �p���M �w�2�H�b�i �2�i ���H�X�- �1���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �h�b�m�M���K�B�b ���M�/ �a�m�#�/�m�+�i�B�Q�M �w�Q�M�2 �*�?���`���+�i�2�`�B�b�i�B�+�b

�6�B�;�m�`�2 �j�� �a�T�2���`�K���M�ö�b �`���M�F �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�b �Q�7 �U���V �i�?�2 �a�L�A�h�*�>�@�k�y�y�d �i�b�m�M���K�B �2�p�2�M�i �T���`���K�2�i�2�`�b �+�Q�`�`�2�H���i�2�/ �r�B�i�? �i�?�2
�K�2�;���i�?�`�m�b�i �b�2�B�b�K�B�+�B�i�v �T���`���K�2�i�2�`�b�c �U�#�V �i�?�2 �a�L�A�h�*�>�@�k�y�y�d �i�b�m�M���K�B �2�p�2�M�i �T���`���K�2�i�2�`�b �+�Q�`�`�2�H���i�2�/ �r�B�i�? �i�?�2 �;�2�Q�K�2�i�`�B�+ �T���`���K�2�i�2�`�b
�U�#���b�2�/ �Q�M �b�2�B�b�K�B�+�B�i�v�V�c ���M�/ �U�+�V �i�?�2 �a�L�A�h�*�>�@�k�y�R�3 �i�b�m�M���K�B �2�p�2�M�i �T���`���K�2�i�2�`�b �+�Q�`�`�2�H���i�2�/ �r�B�i�? �i�2�+�i�Q�M�B�+ �T���`���K�2�i�2�`�b�X �a�B�;�M�B�}�+���M�i
�T�Q�b�B�i�B�p�2 ���M�/ �M�2�;���i�B�p�2 �+�Q�`�`�2�H���i�B�Q�M�b �r�Q�`�i�?�v �Q�7 �7�m�`�i�?�2�` �B�M�p�2�b�i�B�;���i�B�Q�M ���b �/�2�}�M�2�/ �B�M �a�2�+�i�B�Q�M�k�X�R���`�2 �B�M�/�B�+���i�2�/ �#�v �� �`�2�/ �T�H�m�b ���M�/ �K�B�M�m�b
�b�B�;�M�- �`�2�b�T�2�+�i�B�p�2�H�v�X ���#�#�`�2�p�B���i�B�Q�M�b �7�Q�` �T���`���K�2�i�2�`�b ���`�2 �2�t�T�H���B�M�2�/ �B�M �h���#�H�2�R�X

�M�Q �b�i�`���B�;�?�i�7�Q�`�r���`�/ �H�B�M�2���` �Q�` �K�Q�M�Q�i�Q�M�B�+ �`�2�H���i�B�Q�M�b�?�B�T�X
�h�?�2�`�2 ���H�b�Q �b�2�2�K�b �i�Q �#�2 �� �i�`�2�M�/ �7�Q�` �#�Q�i�? �b�2���~�Q�Q�`
�`�Q�m�;�?�M�2�b�b �T���`���K�2�i�2�`�b�- �B�M�/�B�+���i�B�M�; �i�?���i �� �`�Q�m�;�?�2�` �b�2���~�Q�Q�`
�B�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �K�Q�`�2 �i�b�m�M���K�B �2�p�2�M�i�b�X �h�?�B�b �B�b
�+�Q�M�}�`�K�2�/ �#�v �i�?�2 �b�B�;�M�B�}�+���M�i �Up < 0:05�V�- �`�2�H���i�B�p�2�H�v �?�B�;�?
�U� = �y�X�j�k �7�Q�`Rsw ���M�/� = �y�X�j�y �7�Q�`Rlw �V �a�T�2���`�K���M
�`���M�F �+�Q�`�`�2�H���i�B�Q�M�b �7�Q�` �#�Q�i�?Rsw ���M�/Rlw �- ���H�i�?�Q�m�;�? �M�Q
�b�B�;�M�B�}�+���M�i�- �?�B�;�? �+�Q�`�`�2�H���i�B�Q�M�b ���`�2 �7�Q�m�M�/ �7�Q�` �i�?�2 �S�2���`�b�Q�M�ö�b
�+�Q�2�{�+�B�2�M�i�X �h�?�2 �i�r�Q �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i�b �r�B�i�? �i�?�2
�?�B�;�?�2�b�i �M�Q�`�K���H�B�b�2�/ �M�m�K�#�2�` �Q�7 �i�b�m�M���K�B �2�p�2�M�i�bN t ���`�2
�C���T���M ���M�/ �a�Q�m�i�?�@�E�m�`�B�H�X �"�2�+���m�b�2 �Q�7 �i�?�2�B�` �?�B�;�?N t �- �i�?�2�v
���`�2 �Q�7�i�2�M �Q�m�i�H�B�2�`�b�X

�h�?�2�`�2 ���`�2 �M�Q �b�B�;�M�B�}�+���M�i �+�Q�`�`�2�H���i�B�Q�M�b �#�2�i�r�2�2�MN t ���M�/
�i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�?�2 �p�Q�H�+���M�B�+ ���`�+ ���M�/ �i�?�2 �i�`�2�M�+�?
Darc � trench �U�r�?�B�+�? �B�b �� �b�2�B�b�K�B�+�B�i�v�@�B�M�/�2�T�2�M�/�2�M�i �T�`�Q�t�v �7�Q�`
�i�?�2 �b�H���# �/�B�T�V �Q�` �i�?�2 �m�T�T�2�` �T�H���i�2 �b�i�`���B�MUPS�X

�j �J�m�H�i�B�p���`�B���i�2 �b�i���i�B�b�i�B�+���H ���M���H�v�b�B�b�,
���M �B�M�@�/�2�T�i�? �H�Q�Q�F �B�M�i�Q
�`�2�H���i�B�Q�M�b�?�B�T�b �#�2�i�r�2�2�M �i�b�m�M���K�B
�2�p�2�M�i�b ���M�/ �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2
�+�?���`���+�i�2�`�B�b�i�B�+�b

�j�X�R�J�2�i�?�Q�/�b

�h�?�2 �#�B�p���`�B���i�2 ���M���H�v�b�B�b �T�`�2�b�2�M�i�2�/ �B�M �a�2�+�i�B�Q�M�k�b�m�z�2�`�b �7�`�Q�K
�i�?�2 �b�+���`�+�B�i�v �Q�7 �i�?�2 �i�b�m�M���K�B �/���i���X �h�?�B�b �B�b �B�H�H�m�b�i�`���i�2�/ �#�v
�i�?�2 �H�B�K�B�i�2�/ ���K�Q�m�M�i �Q�7 �b�B�;�M�B�}�+���M�i �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�b
�U�B�X�2�X�-p < 0:05�V �7�Q�` �#�Q�i�? �i�?�2 �S�2���`�b�Q�M�ö�b �T�`�Q�/�m�+�i�@�K�Q�K�2�M�i
���M�/ �i�?�2 �a�T�2���`�K���M �`���M�F ���M���H�v�b�2�b�X �� �K�m�H�i�B�p���`�B���i�2
���T�T�`�Q���+�?�- ���b �/�2�b�+�`�B�#�2�/ �B�M �i�?�B�b �b�2�+�i�B�Q�M�- �+���M �?�2�H�T �i�Q
�7�m�`�i�?�2�` �`�2�p�2���H �i�?�2 �+�Q�M�/�B�i�B�Q�M�b �T�`�Q�K�Q�i�B�M�; �i�b�m�M���K�B�;�2�M�B�+
�2���`�i�?�[�m���F�2�b�- �/�2�b�T�B�i�2 �i�?�2 �b�+���`�+�B�i�v �Q�7 �i�?�2 �i�b�m�M���K�B �/���i���X

�6�Q�H�H�Q�r�B�M�;�a���M�/�`�B �2�i ���H�X�U�k�y�y�9�V ���M�/�"�`�B�x�x�B �2�i ���H�X�U�k�y�R�3�V�-
�r�2 �m�b�2 �i�?�2 �6�B�b�?�2�` �/�B�b�+�`�B�K�B�M���M�i �K�2�i�?�Q�/ �U�2�X�;�X�-�.�m�/�� �2�i ���H�X�-
�R�N�d�j�V �i�Q �T�2�`�7�Q�`�K �� �T���i�i�2�`�M �`�2�+�Q�;�M�B�i�B�Q�M ���M���H�v�b�B�b �7�Q�+�m�b�2�/
�Q�M �/�B�b�+�Q�p�2�`�B�M�; �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �T���`���K�2�i�2�`�b �i�?���i �+�Q�m�H�/
�T�`�Q�K�Q�i�2 �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B

�2�p�2�M�i�b �U�b�2�2�o���M �w�2�H�b�i�- �k�y�k�8�- �7�Q�` �i�?�2 �b�+�`�B�T�i�b �m�b�2�/�V�X �q�2
�Q�M�H�v �+�Q�M�b�B�/�2�` �i�?�2 �i�2�+�i�Q�M�B�+ �T���`���K�2�i�2�`�b �Q�7 �Q�m�` �a�L�A�h�*�>
�/���i���#���b�2 �i�Q �i���F�2 ���/�p���M�i���;�2 �Q�7 ���H�H ���p���B�H���#�H�2 �i�b�m�M���K�B �/���i��
�7�`�Q�K �R�N�e�k �� �k�y�R�3 �U�:�H�Q�#���H �>�B�b�i�Q�`�B�+���H �h�b�m�M���K�B �.���i���#���b�2�-
�_�2�i�`�B�2�p�2�/�, �6�2�#�`�m���`�v �R�- �k�y�R�N�V�X �q�2 �2�t�+�H�m�/�2L � �7�`�Q�K
�i�?�2 �i�2�+�i�Q�M�B�+ �T���`���K�2�i�2�`�b �B�M �Q�m�` ���M���H�v�b�B�b�- �#�2�+���m�b�2 �i�?�B�b
�T���`���K�2�i�2�` �b�Q�H�2�H�v �/�2�T�2�M�/�b �Q�M �i�?�2 �+�?�Q�B�+�2 �Q�7 �i�?�2 �b�m�#�/�m�+�i�B�Q�M
�x�Q�M�2 �b�2�;�K�2�M�i�b ���M�/ �/�Q�2�b �M�Q�i �`�2�T�`�2�b�2�M�i �� �T�?�v�b�B�+���H �7�2���i�m�`�2
�Q�7 �i�?�2 �b�m�#�/�m�+�i�B�Q�M �b�v�b�i�2�K�X

�q�2 �}�`�b�i �B�/�2�M�i�B�7�v �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�b �i�?���i �+���M �/�B�p�B�/�2
�i�?�2 �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i�b �B�M �i�r�Q �+�H���b�b�2�b �#���b�2�/ �Q�M
N t �- �r�B�i�? �+�H���b�b �R �+�Q�M�i���B�M�B�M�; �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i�b
�r�B�i�? �7�2�r �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B �2�p�2�M�i�b �U�B�X�2�X�-
N t < �y�X�k�V�- ���M�/ �+�H���b�b �k �+�Q�M�i���B�M�B�M�; �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2
�b�2�;�K�2�M�i�b �r�B�i�? �� �H���`�;�2 �M�m�K�#�2�` �Q�7 �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/
�i�b�m�M���K�B �2�p�2�M�i�b �U�B�X�2�X�-N t � �y�X�k�V�X �h�?�2 �i�?�`�2�b�?�Q�H�/ �Q�7 �y�X�k
�B�b �+�?�Q�b�2�M �#�2�+���m�b�2 �B�i �b�2�2�K�b �i�Q �M���i�m�`���H�H�v �/�B�p�B�/�2 �i�?�2 �/���i��
�B�M �i�?�2 �+���b�2 �Q�7 �i�?�2 �#�B�p���`�B���i�2 ���M���H�v�b�B�b�- ���b �b�?�Q�r�M �B�M �i�?�2
�b�+���i�i�2�` �T�H�Q�i�b �Q�7 �i�?�2 ���;�2�- �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b�- ���M�/ �i�v�T�2 �Q�7
�K���`�;�B�M �B�M �6�B�;�m�`�2�9�X �l�b�B�M�; �/�B�z�2�`�2�M�i �i�?�`�2�b�?�Q�H�/�b �`���M�;�B�M�;
�7�`�Q�K �y���y�X�j �b�H�B�;�?�i�H�v �+�?���M�;�2�b �i�?�2 �T���`���K�2�i�2�`�b �i�?���i ���`�2 �K�Q�b�i
�2�z�2�+�i�B�p�2 �B�M �/�B�p�B�/�B�M�; �i�?�2 �i�r�Q �+�H���b�b�2�b�- �#�m�i �B�M �;�2�M�2�`���H �i�?�2
�+�Q�K�#�B�M���i�B�Q�M �Q�7 �T���`���K�2�i�2�`�b �B�b �+�Q�M�b�B�b�i�2�M�i�X

�h�?�2 �6�B�b�?�2�` �/�B�b�+�`�B�K�B�M���M�i ���M���H�v�b�B�b �i�v�T�B�+���H�H�v �+�Q�M�b�B�b�i�b
�Q�7 �� �H�2���`�M�B�M�; �T�?���b�2�- �� �p�Q�i�B�M�; �T�?���b�2�- ���M�/ �+�Q�M�i�`�Q�H
�2�t�T�2�`�B�K�2�M�i�b �U�2�X�;�X�-�a���M�/�`�B �2�i ���H�X�- �k�y�y�9�- ���M�/ �`�2�7�2�`�2�M�+�2�b
�i�?�2�`�2�B�M�V�X �>�Q�r�2�p�2�`�- �7�Q�H�H�Q�r�B�M�;�"�`�B�x�x�B �2�i ���H�X�U�k�y�R�3�V�- �r�2
�+�Q�M�}�M�2 �Q�m�` ���M���H�v�b�B�b �i�Q �i�?�2 �H�2���`�M�B�M�; �T�?���b�2 �/�m�2 �i�Q �i�?�2
�H�B�K�B�i�2�/ ���K�Q�m�M�i �Q�7 �/���i���X �.�m�`�B�M�; �i�?�2 �H�2���`�M�B�M�; �T�?���b�2�-
���M �B�M�T�m�i �b�2�i �Q�7n �T���`���K�2�i�2�`�b �B�b �m�b�2�/ �i�Q �B�/�2�M�i�B�7�v ���H�H
�i�?�2 �T�Q�b�b�B�#�H�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�b �+�Q�M�b�B�b�i�B�M�; �Q�7k =
1; :::; n �T���`���K�2�i�2�`�b�X �h�Q �/�B�b�i�B�M�;�m�B�b�? �i�?�2 �2�z�2�+�i �Q�7 �K�m�H�i�B�T�H�2
�T���`���K�2�i�2�`�b �i�?���i �+�Q�m�H�/ �#�2 �B�M�i�2�`�/�2�T�2�M�/�2�M�i�- �r�2 �`�m�M �j�e
�6�B�b�?�2�` ���M���H�v�b�2�b �i�Q �b�v�b�i�2�K���i�B�+���H�H�v �i�2�b�i �i�?�2 �2�z�2�+�i �Q�7 �i�?�2
�T���`���K�2�i�2�`�b�X �h�?�2 �T���`���K�2�i�2�`�bA�-Darc � trench �- ���M�/UPS
���`�2 �B�M�/�2�T�2�M�/�2�M�i �T���`���K�2�i�2�`�b �i�?���i ���`�2 ���H�r���v�b �B�M�+�H�m�/�2�/ �B�M
�i�?�2 ���M���H�v�b�B�b�XTsed ���M�/AvsE �U�B�X�2�X�- �i�?�2 �i�v�T�2 �Q�7 �K���`�;�B�M�,

�8�k�%�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�8�8�8�d�8�f�i�2�F�i�Q�M�B�F���k�y�k�8�X�j�X�R�X�3�3 �h�1�E�h�P�L�A�E�� �% �p�Q�H�m�K�2 �j�X�R �% �k�y�k�8



�h�1�E�h�P�L�A�E�� �%�_�1�a�1���_�*�> ���_�h�A�*�G�1 �% �p���M �w�2�H�b�i �2�i ���H�X�- �1���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �h�b�m�M���K�B�b ���M�/ �a�m�#�/�m�+�i�B�Q�M �w�Q�M�2 �*�?���`���+�i�2�`�B�b�i�B�+�b

�6�B�;�m�`�2 �9�� �a�+���i�i�2�` �T�H�Q�i�b �b�?�Q�r�B�M�; �i�?�2 �`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �M�Q�`�K���H�B�b�2�/ �M�m�K�#�2�` �Q�7 �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B �2�p�2�M�i�b �T�2�` �F�K
�i�`�2�M�+�?N t ���M�/ �U���V �i�?�2 ���;�2 �Q�7 �i�?�2 �b�m�#�/�m�+�i�B�M�; �T�H���i�2A�c �U�#�V �i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�?�2 �p�Q�H�+���M�B�+ ���`�+ ���M�/ �i�?�2 �i�`�2�M�+�?D arc � trench �c �U�+�V �i�?�2
�m�T�T�2�` �T�H���i�2 �b�i�`���B�MUP S�c �U�/�V �i�?�2 �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b ���i �i�?�2 �i�`�2�M�+�?Tsed �c �U�2�V �i�?�2 �i�v�T�2 �Q�7 �K���`�;�B�MAvsE �c �U�7�V �i�?�2 �b�?�Q�`�i �r���p�2�H�2�M�;�i�? �U�B�X�2�X�-
�R�k���k�y �F�K�V �`�Q�m�;�?�M�2�b�bRsw �c �U�;�V �i�?�2 �i�`�2�M�+�?�@�M�Q�`�K���H �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �b�m�#�/�m�+�i�B�Q�M �p�2�H�Q�+�B�i�vvsn �c �U�?�V �i�?�2 �i�`�2�M�+�?�@�M�Q�`�K���H �+�Q�K�T�Q�M�2�M�i
�Q�7 �i�?�2 �+�Q�M�p�2�`�;�2�M�+�2 �p�2�H�Q�+�B�i�vvcn �c ���M�/ �U�B�V �i�?�2 �H�Q�M�; �r���p�2�H�2�M�;�i�? �U�B�X�2�X�- �3�y���R�y�y �F�K�V �`�Q�m�;�?�M�2�b�bR lw �X �1���+�? �/�Q�i �`�2�T�`�2�b�2�M�i�b �Q�M�2 �Q�7 �i�?�2
�e�k �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i�b�X �*�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�b ���M�/p�@�p���H�m�2�b ���`�2 �B�M�/�B�+���i�2�/ �7�Q�` �#�Q�i�? �i�?�2 �a�T�2���`�K���M ���M�/ �S�2���`�b�Q�M �K�2�i�?�Q�/�b�X
�h�?�2 �M���K�2�b �Q�7 �i�?�2 �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i�b ���`�2 �B�M�/�B�+���i�2�/ �7�Q�` �B�b�Q�H���i�2�/ �T�Q�B�M�i�b �B�M �i�?�2 �b�+���i�i�2�` �T�H�Q�i�b�X �h�?�2 �i�?�`�2�b�?�Q�H�/ �Q�7 �y�X�k �7�Q�` �i�?�2
�K�m�H�i�B�p���`�B���i�2 ���M���H�v�b�B�b �B�b �B�M�/�B�+���i�2�/ �#�v �i�?�2 �#�H�m�2 �`�2�+�i���M�;�H�2�X ���#�#�`�2�p�B���i�B�Q�M�b �7�Q�` �T���`���K�2�i�2�`�b ���`�2 �2�t�T�H���B�M�2�/ �B�M �h���#�H�2�R�X

���+�+�`�2�i�B�Q�M���`�v �Q�` �2�`�Q�b�B�Q�M���H�V ���`�2 �/�2�T�2�M�/�2�M�i �Q�M �2���+�? �Q�i�?�2�`
���b �H���`�;�2�` �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b �B�b �m�b�m���H�H�v ���b�b�Q�+�B���i�2�/ �r�B�i�?
���+�+�`�2�i�B�Q�M���`�v �K���`�;�B�M�b�- �r�?�2�`�2���b �b�K���H�H �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b
�B�b �i�v�T�B�+���H�H�v ���b�b�Q�+�B���i�2�/ �r�B�i�? �2�`�Q�b�B�Q�M���H �K���`�;�B�M�b�X �h�?�2�`�2�7�Q�`�2�-
�r�2 �`�m�M �i�?�`�2�2 �/�B�z�2�`�2�M�i �i�2�b�i �+���b�2�b�, �Q�M�2 �B�M �r�?�B�+�? �#�Q�i�?
�T���`���K�2�i�2�`�b ���`�2 �B�M�+�H�m�/�2�/ ���M�/ �i�r�Q �r�?�2�`�2 �2���+�? �T���`���K�2�i�2�`
�B�b �B�M�+�H�m�/�2�/ �b�2�T���`���i�2�H�v�X �h�?�2 �b���K�2 �`�2���b�Q�M�B�M�; �?�Q�H�/�b �7�Q�`
�i�?�2 �i�r�Q �K�2���b�m�`�2�b �Q�7 �B�M�+�Q�K�B�M�; �T�H���i�2 �`�Q�m�;�?�M�2�b�bRsw ���M�/
Rlw �X �q�2 ���/�Q�T�i �� �b�B�K�B�H���` �`�2���b�Q�M�B�M�; �7�Q�` �i�?�2 �p�2�H�Q�+�B�i�B�2�b
vsn �- vcn �- �#�m�i �r�2 ���H�b�Q �B�M�+�H�m�/�2 �i�?�2 �Q�T�i�B�Q�M �i�Q �2�t�+�H�m�/�2
�#�Q�i�? �p�2�H�Q�+�B�i�B�2�b �7�`�Q�K �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�- �#�2�+���m�b�2
�i�?�2�v �+�Q�m�H�/ �T�Q�i�2�M�i�B���H�H�v �`�2�H���i�2 �i�Q �i�?�2 �H�B�K�B�i�2�/ �i�B�K�2 �b�T���M �Q�7
�Q�#�b�2�`�p���i�B�Q�M�b �B�M ���/�/�B�i�B�Q�M �i�Q �� �T�?�v�b�B�+���H �K�2�+�?���M�B�b�K�X �h�?�B�b

�i�?�2�M �`�2�b�m�H�i�b �B�M �� �i�Q�i���H �Q�73 � 3 � 4 = 36 �/�B�z�2�`�2�M�i �b�2�i�b �Q�7
�B�M�T�m�i �T���`���K�2�i�2�`�b �7�Q�` �i�?�2 �6�B�b�?�2�` ���M���H�v�b�B�b�X �6�Q�` �� �;�B�p�2�M �b�2�i
�Q�7 �B�M�T�m�i �T���`���K�2�i�2�`�b�- �i�?�2�`�2 �B�b �Q�M�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �r�B�i�?
�� �K�B�M�B�K�m�K �M�m�K�#�2�` �Q�7 �T���`���K�2�i�2�`�bkm �i�?���i �K�B�M�B�K�B�b�2�b
�i�?�2 �2�`�`�Q�`�, �i�?�2 �Q�T�i�B�K���H �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �U�6�B�;�m�`�2�8�V�X
�6�Q�` �2���+�? ���M���H�v�b�B�b�- �r�2 ���m�i�Q�K���i�B�+���H�H�v �/�2�i�2�+�i �i�?�B�b �Q�T�i�B�K���H
�H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �r�?�2�M �i�?�2 �2�`�`�Q�` �`�2�/�m�+�i�B�Q�M �#�v �B�M�+�H�m�/�B�M�;
�K�Q�`�2 �T���`���K�2�i�2�`�b �B�M�i�Q �i�?�2 ���M���H�v�b�B�b �#�2�+�Q�K�2�b �H�2�b�b �i�?���M �8�W
�r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �B�M�B�i�B���H �2�`�`�Q�` �B�M �i�?�2 �+���b�2 �Q�7 �B�M�+�H�m�/�B�M�;
�Q�M�H�v �Q�M�2 �T���`���K�2�i�2�`�X �>�2�M�+�2�- �r�2 �2�M�/ �m�T �r�B�i�? ���M �Q�T�i�B�K���H
�H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �7�Q�` �2���+�? �Q�7 �i�?�2 �j�e �6�B�b�?�2�` ���M���H�v�b�2�b�X
�h�?�2 �+�Q�2�{�+�B�2�M�i�b �B�M �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�b �B�M�/�B�+���i�2 �i�?�2
�B�K�T�Q�`�i���M�+�2 �Q�7 �� �T���`���K�2�i�2�` �B�M �i�?�2 �+�Q�K�#�B�M���i�B�Q�M�X

�8�j �%�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�8�8�8�d�8�f�i�2�F�i�Q�M�B�F���k�y�k�8�X�j�X�R�X�3�3 �h�1�E�h�P�L�A�E�� �% �p�Q�H�m�K�2 �j�X�R �% �k�y�k�8



�h�1�E�h�P�L�A�E�� �%�_�1�a�1���_�*�> ���_�h�A�*�G�1 �% �p���M �w�2�H�b�i �2�i ���H�X�- �1���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �h�b�m�M���K�B�b ���M�/ �a�m�#�/�m�+�i�B�Q�M �w�Q�M�2 �*�?���`���+�i�2�`�B�b�i�B�+�b

�6�B�;�m�`�2 �8�� �_�2�T�`�2�b�2�M�i���i�B�p�2 �6�B�b�?�2�` ���M���H�v�b�B�b �7�Q�` �Q�M�2 �b�2�i �Q�7
�B�M�T�m�i �T���`���K�2�i�2�`�b �U�H�B�b�i�2�/ ���i �i�?�2 �i�Q�T�V�X �q�?�2�M �� �T���`���K�2�i�2�` �B�b
�B�M�+�H�m�/�2�/ �B�M �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�- �� �`�2�/ �b�v�K�#�Q�H �B�M�/�B�+���i�2�b
�?�Q�r �B�i �T�`�Q�K�Q�i�2�b �+�H���b�b �k �UN t � 0:2�V�X �>�2�M�+�2�- �� �T�H�m�b �B�M�/�B�+���i�2�b
�i�?���i �H���`�;�2�` �p���H�m�2�b �Q�7 �� �T���`���K�2�i�2�` ���`�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �+�H���b�b �k�X
�6�Q�` �/�B�b�+�`�2�i�2 �T���`���K�2�i�2�`�b�- �H�2�i�i�2�`�b �B�M�/�B�+���i�2 �i�?�2 �K�Q�b�i �7���p�Q�m�`���#�H�2
�b�2�i�i�B�M�; �7�Q�` �+�H���b�b �k �U�b�2�2 �h���#�H�2�R�V�X �h�?�2 �`�B�;�?�i �T���M�2�H �b�?�Q�r�b
�i�?�2 �2�`�`�Q�` �`�2�/�m�+�i�B�Q�M �r�?�2�M �K�Q�`�2 �T���`���K�2�i�2�`�b ���`�2 �B�M�+�H�m�/�2�/ �B�M
�i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�X �h�?�2 �Q�T�i�B�K���H �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �7�Q�`
�r�?�B�+�? �i�?�2 �2�`�`�Q�` �B�b �K���t�B�K���H�H�v �`�2�/�m�+�2�/ �7�Q�` �i�?�2 �H�2���b�i ���K�Q�m�M�i
�Q�7 �7�2���i�m�`�2�b �B�M�+�H�m�/�2�/ �B�M �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �B�b �B�M�/�B�+���i�2�/ �#�v
�#�H���+�F �H�B�M�2�b�X

�h�Q �b�v�b�i�2�K���i�B�+���H�H�v �/�2�i�2�`�K�B�M�2 �r�?�B�+�? �T���`���K�2�i�2�`�b ���`�2
�i�?�2 �K�Q�b�i �B�K�T�Q�`�i���M�i �7�Q�` �;�2�M�2�`���i�B�M�; �i�b�m�M���K�B�;�2�M�B�+
�2���`�i�?�[�m���F�2�b�- �r�2 �H�Q�Q�F ���i �i�?�`�2�2 �K�2���b�m�`�2�b�,(i ) �i�?�2 �7�`���+�i�B�Q�M
�i�?���i �� �T���`���K�2�i�2�` �B�b �T�B�+�F�2�/ �B�M �i�?�2 �#�2�b�i �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M
�7�Q�` �� �6�B�b�?�2�` ���M���H�v�b�B�b �r�?�2�M �B�i �B�b �T���`�i �Q�7 �i�?�2 �B�M�T�m�i�c(ii ) �i�?�2
�M�Q�`�K���H�B�b�2�/ ���p�2�`���;�2 �+�Q�2�{�+�B�2�M�i �Q�7 �� �T���`���K�2�i�2�` �#���b�2�/ �Q�M ���H�H
�6�B�b�?�2�` ���M���H�v�b�2�b �7�Q�` �r�?�B�+�? �B�i �B�b �B�M�+�H�m�/�2�/ �B�M �i�?�2 �#�2�b�i �H�B�M�2���`
�+�Q�K�#�B�M���i�B�Q�M�c(iii ) �i�?�2 �K���t�B�K�m�K �7�`���+�i�B�Q�M �Q�7 �� �+�Q�M�b�B�b�i�2�M�i
�b�B�;�M �U�B�X�2�X�- �T�Q�b�B�i�B�p�2 �Q�` �M�2�;���i�B�p�2�V �Q�7 �i�?�2 �+�Q�2�{�+�B�2�M�i �Q�7 ��
�T���`���K�2�i�2�` �i�Q ���+�+�Q�m�M�i �7�Q�` �i�?�2 �`�Q�#�m�b�i�M�2�b�b �Q�7 �i�?�2 �2�z�2�+�i �Q�7
�i�?�2 �T���`���K�2�i�2�` �B�M �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�X �q�2 �/�2�}�M�2 �i�?�2
�K�2���b�m�`�2 �Q�7 �`�2�H���i�B�p�2 �B�K�T�Q�`�i���M�+�2RI �Q�7 �� �T���`���K�2�i�2�` ���b �i�?�2
�K�m�H�i�B�T�H�B�+���i�B�Q�M �Q�7 �i�?�2�b�2 �i�?�`�2�2 �K�2���b�m�`�2�b�X

�j�X�k �_�2�b�m�H�i�b
�j�X�k�X�R���M �B�M�@�/�2�T�i�? �b�i�m�/�v �Q�7 �Q�M�2

�`�2�T�`�2�b�2�M�i���i�B�p�2 �6�B�b�?�2�` ���M���H�v�b�B�b ���b ���M
�2�t���K�T�H�2

�6�B�;�m�`�2�8�b�?�Q�r�b �i�?�2 �`�2�b�m�H�i�b �7�Q�` �Q�M�2 �`�2�T�`�2�b�2�M�i���i�B�p�2 �6�B�b�?�2�`
���M���H�v�b�B�b�X �h�?�2 �B�M�T�m�i �T���`���K�2�i�2�`�b �m�b�2�/ �B�M �i�?�2 �i�2�b�i ���`�2
�B�M�/�B�+���i�2�/ ���i �i�?�2 �i�Q�T�- ���M�/ �i�?�2 �`�2�b�m�H�i�B�M�; �+�Q�2�{�+�B�2�M�i�b �Q�7 �i�?�2
�H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�b �7�Q�` �/�B�z�2�`�2�M�i �M�m�K�#�2�`�b �Q�7 �T���`���K�2�i�2�`�b
���H�H�Q�r�2�/ �B�M �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �U�Q�M �i�?�2y�@���t�B�b�V �B�b
�B�M�/�B�+���i�2�/ �#�v �i�?�2 �+�Q�H�Q�m�`�b �B�M �2���+�? �`�Q�r�X �S���`���K�2�i�2�`�b ���`�2 �T���`�i
�Q�7 �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �r�?�2�M �� �`�2�/ �b�v�K�#�Q�H �B�b �T�`�2�b�2�M�i
�B�M �i�?�2 �`�2�H�2�p���M�i �b�[�m���`�2�X

�A�7 �Q�M�H�v �Q�M�2 �T���`���K�2�i�2�` �B�b �m�b�2�/ �i�Q �/�B�b�i�B�M�;�m�B�b�? �i�?�2 �i�r�Q
�+�H���b�b�2�b �Q�7 �7�2�r �U�+�H���b�b �R�cN t < 0:2�V ���M�/ �K���M�v �U�+�H���b�b �k�cN t �
0:2�V �i�b�m�M���K�B�;�2�M�B�+ �2���`�i�?�[�m���F�2�b�- �i�?�2 �i�v�T�2 �Q�7 �K���`�;�B�MAvsE
�B�b �i�?�2 �/�2�+�B�/�B�M�; �7���+�i�Q�`�X �A�M �i�?�B�b �+���b�2�- ���M �2�`�Q�b�B�Q�M���H �K���`�;�B�M �B�b
�K�Q�`�2 �7���p�Q�m�`���#�H�2 �i�Q �T�`�Q�/�m�+�2 �K���M�v �i�b�m�M���K�B �2�p�2�M�i�b �+���m�b�2�/
�#�v �2���`�i�?�[�m���F�2�b�X

�q�?�2�M �� �b�2�+�Q�M�/ �T���`���K�2�i�2�` �B�b ���H�H�Q�r�2�/ �i�Q �2�M�i�2�` �i�?�2
�H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �i�?���i �/�B�p�B�/�2�b �i�?�2 �i�r�Q �+�H���b�b�2�b�- �i�?�2
�i�`�2�M�+�?�@�M�Q�`�K���H �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �b�m�#�/�m�+�i�B�Q�M �p�2�H�Q�+�B�i�v �B�b
�T�B�+�F�2�/ �#�v �i�?�2 �6�B�b�?�2�` ���H�;�Q�`�B�i�?�K�X �h�?�2 �T�Q�b�B�i�B�p�2 �+�Q�2�{�+�B�2�M�i
�B�M�/�B�+���i�2�b �i�?���i �� �H���`�;�2 �b�m�#�/�m�+�i�B�Q�M �p�2�H�Q�+�B�i�v �+�Q�`�`�2�H���i�2�b �i�Q
�+�H���b�b �k�- �B�X�2�X�- �K���M�v �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B �2�p�2�M�i�b�X
�h�?�2�b�2 �i�r�Q �T���`���K�2�i�2�`�b�-AvsE ���M�/vsn�- ���H�b�Q �2�t�?�B�#�B�i�2�/ �?�B�;�?
�+�Q�`�`�2�H���i�B�Q�M�b �B�M �i�?�2 �#�B�p���`�B���i�2 ���M���H�v�b�B�b �U�a�2�+�i�B�Q�M�k�X�k�V�X �h�?�2
�+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�?�2�b�2 �i�r�Q �T���`���K�2�i�2�`�b �B�b ���H�b�Q �i�?�2 �Q�T�i�B�K���H
�H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M ���b �/�2�}�M�2�/ �B�M �a�2�+�i�B�Q�M�j�X�R�X �h�?�2 �2�`�`�Q�`
�B�b �M���K�2�H�v �`�2�/�m�+�2�/ �i�?�2 �K�Q�b�i �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �H�2���b�i
���K�Q�m�M�i �Q�7 �7�2���i�m�`�2�b �`�2�[�m�B�`�2�/ �i�Q �/�B�p�B�/�2 �i�?�2 �i�r�Q �+�H���b�b�2�b�X

�q�?�2�M �� �i�?�B�`�/ �T���`���K�2�i�2�` �2�M�i�2�`�b �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�-
�i�?�2 �m�T�T�2�` �T�H���i�2 �b�i�`���B�MUPS �B�b �T�B�+�F�2�/ �#�v �i�?�2 �6�B�b�?�2�`
���M���H�v�b�B�b�X ���M �Q�p�2�`�`�B�/�B�M�; �T�H���i�2 �i�?���i �2�t�T�2�`�B�2�M�+�2�b
�+�Q�K�T�`�2�b�b�B�Q�M �B�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �K���M�v �i�b�m�M���K�B �2�p�2�M�i�b�X
�a�B�K�m�H�i���M�2�Q�m�b�H�v�- �i�?�2 �H�Q�M�; �r���p�2�H�2�M�;�i�? �`�Q�m�;�?�M�2�b�bRlw �B�b
�T�B�+�F�2�/ �B�M�b�i�2���/ �Q�7 �i�?�2 �b�m�#�/�m�+�i�B�Q�M �p�2�H�Q�+�B�i�v�- �B�M�/�B�+���i�B�M�; �i�?���i
�� �`�Q�m�;�?�2�` �B�M�+�Q�K�B�M�; �T�H���i�2 �B�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �+�H���b�b �Q�7
�K���M�v �i�b�m�M���K�B �2�p�2�M�i�b�X

�q�B�i�? �7�Q�m�` �T���`���K�2�i�2�`�b�- �i�?�2 �m�T�T�2�` �T�H���i�2 �b�i�`���B�M �B�b
�`�2�K�Q�p�2�/ �7�`�Q�K �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�- ���M�/ �B�M�b�i�2���/
�i�?�2 �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�bTsed ���M�/ �i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M
�i�?�2 �p�Q�H�+���M�B�+ ���`�+ ���M�/ �i�?�2 �i�`�2�M�+�?Darc � trench ���`�2
�T�B�+�F�2�/�X ���bDarc � trench �+���M �#�2 �`�2�H���i�2�/ �i�Q �i�?�2 �/�B�T
�Q�7 �� �b�H���#�- �r�B�i�? �H���`�;�2Darc � trench �#�2�B�M�; ���b�b�Q�+�B���i�2�/
�r�B�i�? �� �K�Q�`�2 �b�?���H�H�Q�r�H�v �/�B�T�T�B�M�; �b�H���#�- �� �T�Q�b�B�i�B�p�2
�+�Q�2�{�+�B�2�M�i �B�M �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �+�Q�m�H�/ �?�B�M�i ���i
�� �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �b�?���H�H�Q�r�H�v �/�B�T�T�B�M�; �b�H���#�b ���M�/
�2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B �2�p�2�M�i�b�X �h�?�2 �M�2�;���i�B�p�2
�+�Q�2�{�+�B�2�M�i �Q�7 �i�?�2 �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�bTsed ���b�b�Q�+�B���i�2�/ �?�2�`�2
�r�B�i�? �K���M�v �i�b�m�M���K�B �2�p�2�M�i�b �B�b �B�M �H�B�M�2 �r�B�i�? �i�?�2 �2�`�Q�b�B�Q�M���H
�K���`�;�B�M �i�?���i �B�b �+�Q�M�b�B�b�i�2�M�i�H�v �T�`�2�b�2�M�i �B�M ���H�K�Q�b�i ���H�H �H�B�M�2���`
�+�Q�K�#�B�M���i�B�Q�M�b�X

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

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

�A�M �b�m�K�K���`�v�- �7�Q�` �i�?�2 �2�t���K�T�H�2 �6�B�b�?�2�` ���M���H�v�b�B�b �Q�7
�6�B�;�m�`�2�8�- �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �i�?���i �#�2�b�i �/�2�b�+�`�B�#�2�b �i�?�2
�/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �+�H���b�b�2�b �r�B�i�? �i�?�2�b�2 �T���`���K�2�i�2�`�b
���b �B�M�T�m�i �+�Q�M�b�B�b�i�b �Q�7 �i�?�2 �i�v�T�2 �Q�7 �K���`�;�B�M ���M�/ �i�?�2
�b�m�#�/�m�+�i�B�Q�M �p�2�H�Q�+�B�i�v�X

�8�9�%�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�8�8�8�d�8�f�i�2�F�i�Q�M�B�F���k�y�k�8�X�j�X�R�X�3�3 �h�1�E�h�P�L�A�E�� �% �p�Q�H�m�K�2 �j�X�R �% �k�y�k�8



�h�1�E�h�P�L�A�E�� �%�_�1�a�1���_�*�> ���_�h�A�*�G�1 �% �p���M �w�2�H�b�i �2�i ���H�X�- �1���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �h�b�m�M���K�B�b ���M�/ �a�m�#�/�m�+�i�B�Q�M �w�Q�M�2 �*�?���`���+�i�2�`�B�b�i�B�+�b

�6�B�;�m�`�2 �e�� �h�?�2 �#�2�b�i �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �7�Q�` �2���+�? �6�B�b�?�2�`
���M���H�v�b�B�b�X �q�?�2�M �� �T���`���K�2�i�2�` �B�b �B�M�+�H�m�/�2�/ �B�M �i�?�2 �H�B�M�2���`
�+�Q�K�#�B�M���i�B�Q�M�- �� �`�2�/ �b�v�K�#�Q�H �B�M�/�B�+���i�2�b �?�Q�r �B�i �T�`�Q�K�Q�i�2�b �+�H���b�b
�k �UN t � 0:2�V�X �>�2�M�+�2�- �� �T�H�m�b �B�M�/�B�+���i�2�b �i�?���i �H���`�;�2�` �p���H�m�2�b
�Q�7 �� �T���`���K�2�i�2�` ���`�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �+�H���b�b �k�X �6�Q�` �/�B�b�+�`�2�i�2
�T���`���K�2�i�2�`�b�- �H�2�i�i�2�`�b �B�M�/�B�+���i�2 �i�?�2 �K�Q�b�i �7���p�Q�m�`���#�H�2 �b�2�i�i�B�M�; �7�Q�`
�+�H���b�b �k �U�b�2�2 �h���#�H�2�R�V�X �A�7 �T���`���K�2�i�2�`�b ���`�2 �M�Q�i �B�M�+�H�m�/�2�/ �B�M
�i�?�2 �B�M�T�m�i �7�Q�` �� �i�2�b�i�- �i�?�2 ���`�2�� �B�b �/�Q�i�i�2�/�X �L�Q�i�2 �i�?���i �i�?�2 �#�2�b�i
�H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 �6�B�;�m�`�2�8 �B�b �B�M�+�H�m�/�2�/ �?�2�`�2 ���b �r�2�H�H ���M�/
�?�B�;�?�H�B�;�?�i�2�/ �#�v �?�Q�`�B�x�Q�M�i���H �#�H���+�F �H�B�M�2�b�X

�j�X�k�X�k�*�Q�K�#�B�M�2�/ �`�2�b�m�H�i�b �Q�7 ���H�H �6�B�b�?�2�`
���M���H�v�b�2�b

�q�?�2�M �r�2 �+�Q�M�b�B�/�2�` ���H�H �j�e �6�B�b�?�2�` ���M���H�v�b�2�b�- �i�?�2 ���K�Q�m�M�i
�Q�7 �T���`���K�2�i�2�`�b �B�M�+�H�m�/�2�/ �B�M �i�?�2 �#�2�b�i �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �B�b
�Q�M ���p�2�`���;�2 �k�X�N�X �h�?�2 �K���t�B�K�m�K ���K�Q�m�M�i �Q�7 �T���`���K�2�i�2�`�b
�B�M�+�H�m�/�2�/ �B�M �i�?�2 �Q�T�i�B�K���H �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �B�b �e�X �h�?�2
�2�`�`�Q�` ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �#�2�b�i �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �B�b
�Q�M ���p�2�`���;�20:22�X �h�?�B�b �+�Q�`�`�2�b�T�Q�M�/�b �i�Q ���M ���p�2�`���;�2 �Q�7

�R�y�X�8 �b�2�;�K�2�M�i�b �U�k�8�X�e�W�V �i�?���i ���`�2 �+�H���b�b�B�}�2�/ �B�M �i�?�2 �r�`�Q�M�;
�+�H���b�b ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �Q�T�i�B�K���H �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�X �h�?�2
�#�2�b�i �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�b �7�Q�` �2���+�? �Q�7 �i�?�2 �j�e �6�B�b�?�2�`
���M���H�v�b�2�b �i�?���i �r�2�`�2 �`�m�M �7�Q�` �/�B�z�2�`�2�M�i �+�Q�K�#�B�M���i�B�Q�M�b �Q�7
�B�M�T�m�i �T���`���K�2�i�2�`�b ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2�e�X �a�2�p�2�`���H
�p���`�B���#�H�2�b ���T�T�2���` �i�Q �b�i���M�/ �Q�m�i�- �b�m�+�? ���b �i�?�2 �i�v�T�2 �Q�7 �K���`�;�B�M
�U�+�Q�M�b�B�b�i�2�M�i�H�v �2�`�Q�b�B�Q�M���H�V ���M�/ �i�?�2 �b�m�#�/�m�+�i�B�Q�M �p�2�H�Q�+�B�i�v
�U�+�Q�M�b�B�b�i�2�M�i�H�v �T�Q�b�B�i�B�p�2�V�X �q�2 �b�m�K�K���`�B�b�2 �i�?�2 �K���B�M �}�M�/�B�M�;�b
�Q�7 �i�?�2�b�2 �j�e ���M���H�v�b�2�b �B�M �6�B�;�m�`�2�d�- �#�v �+���H�+�m�H���i�B�M�; �i�?�2
�`�2�H���i�B�p�2 �B�K�T�Q�`�i���M�+�2 �Q�7 �2���+�? �T���`���K�2�i�2�` ���b �/�2�b�+�`�B�#�2�/ �B�M
�a�2�+�i�B�Q�M�j�X�R�X

�h�?�2 �K�Q�b�i �B�K�T�Q�`�i���M�i �T���`���K�2�i�2�`�- �r�B�i�? �� �`�2�H���i�B�p�2
�B�K�T�Q�`�i���M�+�2 �Q�70:86�- �B�b �i�?�2 �i�v�T�2 �Q�7 �K���`�;�B�M�- �B�X�2�X�-
���+�+�`�2�i�B�Q�M���`�v �Q�` �2�`�Q�b�B�Q�M���H�X �q�?�2�M �B�i �B�b �B�M�+�H�m�/�2�/ �B�M �i�?�2
�B�M�T�m�i �T���`���K�2�i�2�`�b �Q�7 �i�?�2 �6�B�b�?�2�` ���M���H�v�b�B�b�- �B�i �B�b �T�B�+�F�2�/
95:8�W �Q�7 �i�?�2 �i�B�K�2 �B�M �i�?�2 �#�2�b�i �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�X
���7�i�2�` �i�?���i�- �i�?�2 �b�2�+�Q�M�/ �K�Q�b�i �B�K�T�Q�`�i���M�i �T���`���K�2�i�2�` �B�b
�i�?�2 �i�`�2�M�+�?�@�M�Q�`�K���H �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �b�m�#�/�m�+�i�B�Q�M �p�2�H�Q�+�B�i�v
�r�B�i�? �`�2�H���i�B�p�2 �B�K�T�Q�`�i���M�+�20:66�- �r�?�B�+�? �B�b �T�B�+�F�2�/66:7�W
�Q�7 �i�?�2 �i�B�K�2�X �h�?�2 �i�?�B�`�/ �K�Q�b�i �B�K�T�Q�`�i���M�i �T���`���K�2�i�2�` �B�b
�i�?�2 �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b �r�B�i�?RI = �y�X�9�e�- �r�?�B�+�? �B�b �T�B�+�F�2�/
�8�y�W �Q�7 �i�?�2 �i�B�K�2�X �h�?�2 �H�Q�M�; �r���p�2�H�2�M�;�i�? �`�Q�m�;�?�M�2�b�b �?���b
�� �`�2�H���i�B�p�2 �B�K�T�Q�`�i���M�+�2 �Q�70:32 ���M�/ �i�?�2 �i�`�2�M�+�?�@�M�Q�`�K���H
�+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �+�Q�M�p�2�`�;�2�M�+�2 �p�2�H�Q�+�B�i�v �?���bRI = �y�X�k�3�X
�h�?�2 �Q�i�?�2�` �T���`���K�2�i�2�`�b �b�?�Q�r �H�Q�r �K�2���b�m�`�2�b �Q�7 �`�2�H���i�B�p�2
�B�K�T�Q�`�i���M�+�2 �r�B�i�?RI < 0:1�X �>�2�M�+�2�- �i�?�2 �6�B�b�?�2�` ���M���H�v�b�B�b
�`�2�p�2���H�b �i�?�2 �;�2�M�2�`���H �T���i�i�2�`�M �i�?���i �7�`�Q�K �R�N�e�k �i�Q �k�y�R�3
�2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B �2�p�2�M�i�b �Q�+�+�m�`�`�2�/ �K�Q�`�2
�7�`�2�[�m�2�M�i�H�v �B�M �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�b �r�B�i�? ���M �2�`�Q�b�B�Q�M���H �K���`�;�B�M
�r�B�i�? �7�2�r �b�2�/�B�K�2�M�i�b ���M�/ �� �`�Q�m�;�? �B�M�+�Q�K�B�M�; �b�2���~�Q�Q�` �B�M ��

�6�B�;�m�`�2 �d�� �h�?�2 �`�2�H���i�B�p�2 �B�K�T�Q�`�i���M�+�2 �Q�7 �T���`���K�2�i�2�`�b
�U�a�2�+�i�B�Q�M�j�X�R�V ���b �+���H�+�m�H���i�2�/ �7�`�Q�K �i�?�2 �6�B�b�?�2�` ���M���H�v�b�2�b �T�`�2�b�2�M�i�2�/
�B�M �6�B�;�m�`�2�e�X �6�Q�` �T���`���K�2�i�2�`�b �r�B�i�? �� �`�2�H���i�B�p�2 �B�K�T�Q�`�i���M�+�2RI >
0:2�- �i�2�t�i �B�M �i�?�2 �#���`�b �B�M�/�B�+���i�2�b �?�Q�r �i�?�2 �T���`���K�2�i�2�` �T�`�Q�K�Q�i�2�b
�K���M�v �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B �2�p�2�M�i�b �U�+�H���b�b �k�V�X

�8�8�%�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�8�8�8�d�8�f�i�2�F�i�Q�M�B�F���k�y�k�8�X�j�X�R�X�3�3 �h�1�E�h�P�L�A�E�� �% �p�Q�H�m�K�2 �j�X�R �% �k�y�k�8



�h�1�E�h�P�L�A�E�� �%�_�1�a�1���_�*�> ���_�h�A�*�G�1 �% �p���M �w�2�H�b�i �2�i ���H�X�- �1���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �h�b�m�M���K�B�b ���M�/ �a�m�#�/�m�+�i�B�Q�M �w�Q�M�2 �*�?���`���+�i�2�`�B�b�i�B�+�b

�`���T�B�/�H�v �+�Q�M�p�2�`�;�B�M�; �b�v�b�i�2�K�X

�9 �.�B�b�+�m�b�b�B�Q�M

�q�2 �+�Q�K�T�B�H�2�/ �i�?�2 �a�L�A�h�*�> �/���i���#���b�2 �+�Q�M�b�B�b�i�B�M�; �Q�7
�i�b�m�M���K�B �2�p�2�M�i�b ���M�/ �T���`���K�2�i�2�`�b �Q�M �i�?�2 �K�2�;���i�?�`�m�b�i
�b�2�B�b�K�B�+�B�i�v�- �b�2�B�b�K�Q�;�2�M�B�+ �x�Q�M�2 �;�2�Q�K�2�i�`�v�- ���M�/ �i�2�+�i�Q�M�B�+
�+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�b ���+�`�Q�b�b �i�?�2 �r�Q�`�H�/�X

�q�2 �7�Q�+�m�b �Q�m�` �b�i�m�/�v �Q�M �i�?�2 �M�Q�`�K���H�B�b�2�/ �M�m�K�#�2�` �Q�7
�i�b�m�M���K�B �2�p�2�M�i�b �T�2�` �F�K �i�`�2�M�+�?N t �- ���H�i�?�Q�m�;�? �i�?�2 �L�P����
�L�:�.�*�f�q�.�a �:�H�Q�#���H �>�B�b�i�Q�`�B�+���H �h�b�m�M���K�B �.���i���#���b�2 �/�Q�2�b
�+�Q�M�i���B�M �Q�i�?�2�` �B�M�7�Q�`�K���i�B�Q�M �Q�M �i�?�2 �2�t�i�`���+�i�2�/ �i�b�m�M���K�B
�2�p�2�M�i�b �+���m�b�2�/ �#�v �2���`�i�?�[�m���F�2�b�X �6�Q�` �B�M�b�i���M�+�2�- �i�?�2�`�2
�B�b �H�B�K�B�i�2�/ �B�M�7�Q�`�K���i�B�Q�M �Q�M �i�?�2 �K���t�B�K�m�K �r���i�2�` �?�2�B�;�?�i�-
�i�b�m�M���K�B �K���;�M�B�i�m�/�2 ���M�/ �B�M�i�2�M�b�B�i�v�- ���M�/ �7�Q�+���H �/�2�T�i�? �Q�7
�i�?�2 �2���`�i�?�[�m���F�2 �i�?���i �+���m�b�2�/ �i�?�2 �i�b�m�M���K�B�X �>�Q�r�2�p�2�`�-
�i�?�2 �/���i�� �B�M �i�?�2 �L�P���� �L�:�.�*�f�q�.�a �:�H�Q�#���H �>�B�b�i�Q�`�B�+���H
�h�b�m�M���K�B �.���i���#���b�2 �B�b �b�+���`�+�2 �7�Q�` �2���+�? �i�b�m�M���K�B�- �K�2���M�B�M�;
�i�?���i �M�Q �`�Q�#�m�b�i �b�i���i�B�b�i�B�+�b �+���M �#�2 �#�m�B�H�i �7�Q�` �i�?�2�b�2 ���H�i�2�`�M���i�B�p�2
�T���`���K�2�i�2�`�b ���+�`�Q�b�b �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�b�X ���/�/�B�i�B�Q�M���H�H�v�- �r�?�2�M
�p���H�m�2�b ���`�2 �T�`�2�b�2�M�i �B�M �i�?�2 �/���i���#���b�2 �7�Q�` �b�T�2�+�B�}�+ �T���`���K�2�i�2�`�b�-
�b�m�+�? ���b �i�?�2 �K���t�B�K�m�K �r���i�2�` �?�2�B�;�?�i �Q�` �i�b�m�M���K�B �B�M�i�2�M�b�B�i�v
���M�/ �K���;�M�B�i�m�/�2�- �i�?�2�v �?���p�2 �Q�7�i�2�M �#�2�2�M �i���F�2�M �7�`�Q�K �/�B�z�2�`�2�M�i
�b�Q�m�`�+�2�b ���M�/ ���`�2 �i�?�2�`�2�7�Q�`�2 �M�Q�i �+�Q�K�T���i�B�#�H�2 �r�B�i�? �2���+�? �Q�i�?�2�`
�7�Q�` �i�?�2 �b���K�2 �i�b�m�M���K�B�X �h�?���i �B�b �i�Q �b���v�- �i�?�2 �i�b�m�M���K�B
�K���;�M�B�i�m�/�2 ���M�/ �B�M�i�2�M�b�B�i�v �B�M �i�?�2 �L�P���� �L�:�.�*�f�q�.�a
�:�H�Q�#���H �>�B�b�i�Q�`�B�+���H �h�b�m�M���K�B �.���i���#���b�2 ���`�2 �M�Q�i �/�B�`�2�+�i�H�v
�+���H�+�m�H���i�2�/ �7�`�Q�K �i�?�2 �K���t�B�K�m�K �r���i�2�` �?�2�B�;�?�i �i�?���i �B�b ���H�b�Q
�b�+���`�+�2�H�v �`�2�T�Q�`�i�2�/ �B�M �i�?�2 �/���i���#���b�2�X �A�M ���/�/�B�i�B�Q�M�- �B�i �B�b
�B�K�T�Q�`�i���M�i �i�Q �i���F�2 �B�M�i�Q ���+�+�Q�m�M�i �i�?���i �i�?�2�b�2 �p���`�B���#�H�2�b ���`�2
�M�Q�i �M�2�+�2�b�b���`�B�H�v �+�Q�K�T���`���#�H�2 �i�Q �2���+�? �Q�i�?�2�` ���+�`�Q�b�b �K�m�H�i�B�T�H�2
�2�p�2�M�i�b ���M�/ �`�2�;�B�Q�M�b�- �b�B�M�+�2 �i�?�2�v �K�B�;�?�i �m�b�2 �/�B�z�2�`�2�M�i
�/�2�}�M�B�i�B�Q�M�b �Q�7 �i�?�2 �K���t�B�K�m�K �r���i�2�` �?�2�B�;�?�i ���M�/ ���`�2 �?�B�;�?�H�v
�/�2�T�2�M�/�2�M�i �Q�M �H�Q�+���H �#���i�?�v�K�2�i�`�v�X �>�2�M�+�2 �#�v �7�Q�+�m�b�B�M�; �Q�m�`
���M���H�v�b�B�b �Q�M �i�?�2 �M�Q�`�K���H�B�b�2�/ �M�m�K�#�2�` �Q�7 �i�b�m�M���K�B �2�p�2�M�i�b �T�2�`
�F�K �i�`�2�M�+�?N t �r�2 �2�M�b�m�`�2 �i�?���i �i�?�2 �`�2�b�m�H�i�b �r�2 �T�`�2�b�2�M�i ���M�/
�i�?�2 ���M���H�v�b�2�b �i�?���i �r�2 �/�Q ���`�2 �b�i���i�B�b�i�B�+���H�H�v �b�B�;�M�B�}�+���M�i�X

�:�2�M�2�`���H�H�v �i�?�2 ���K�Q�m�M�i �Q�7 �i�b�m�M���K�B �2�p�2�M�i�b �/�2�T�2�M�/�b �Q�M
�i�?�2 ���K�Q�m�M�i �Q�7 �H���`�;�2 �2���`�i�?�[�m���F�2�b �i�?���i �?���b �Q�+�+�m�`�`�2�/ �B�M ��
�b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�X �h�?�B�b �B�b �+���T�i�m�`�2�/ �B�M �Q�m�` ���M���H�v�b�B�b�- ���b
�r�2 �}�M�/ �b�B�;�M�B�}�+���M�i �+�Q�`�`�2�H���i�B�Q�M�b �B�M �i�?�2 �#�B�p���`�B���i�2 ���M���H�v�b�B�b
�U�a�2�+�i�B�Q�M�k�V �#�2�i�r�2�2�MN t ���M�/ �p���`�B�Q�m�b �K�2���b�m�`�2�b �Q�7 �i�?�2
�K���t�B�K�m�K �2���`�i�?�[�m���F�2 �K���;�M�B�i�m�/�2 �� �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2
�b�2�;�K�2�M�i �?���b �2�t�T�2�`�B�2�M�+�2�/�X �h�?�B�b �B�M�/�B�+���i�2�b �i�?�2 �`�Q�#�m�b�i�M�2�b�b
�Q�7N t ���b �� �m�b�2�7�m�H �K�2���b�m�`�2 �7�Q�` �i�b�m�M���K�B�;�2�M�B�+ �T�Q�i�2�M�i�B���H �B�M
�b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�b�X

�h�?�2 �#�B�p���`�B���i�2 ���M���H�v�b�B�b �7�m�`�i�?�2�` �b�?�Q�r�b �i�?���i �i�?�2
�M�Q�`�K���H�B�b�2�/ �M�m�K�#�2�` �Q�7 �i�b�m�M���K�B �2�p�2�M�i�b �T�2�` �F�K �i�`�2�M�+�?
N t �+�Q�`�`�2�H���i�2�b �r�B�i�? �b�Q�K�2 �Q�7 �i�?�2 �B�M�i�2�`�T�H���i�2 �b�2�B�b�K�B�+�B�i�v
���M�/ �i�2�+�i�Q�M�B�+ �T���`���K�2�i�2�`�b �B�M �Q�m�` �a�L�A�h�*�> �/���i���#���b�2�X
�a�T�2�+�B�}�+���H�H�v�- �K�2���M�B�M�;�7�m�H �+�Q�`�`�2�H���i�B�Q�M�b ���`�2 �7�Q�m�M�/ �r�B�i�?
�i�?�2 �i�v�T�2 �Q�7 �K���`�;�B�M �U�B�X�2�X�- ���+�+�`�2�i�B�Q�M���`�v �Q�` �2�`�Q�b�B�Q�M���H�V�-
�i�?�2 �i�`�2�M�+�?�@�M�Q�`�K���H �+�Q�K�T�Q�M�2�M�i�b �Q�7 �i�?�2 �b�m�#�/�m�+�i�B�Q�M ���M�/
�+�Q�M�p�2�`�;�2�M�+�2 �p�2�H�Q�+�B�i�v �Q�7 �i�?�2 �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�- �i�?�2
�b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b�- �b�2�B�b�K�B�+�B�i�v �`���i�2�- ���M�/ �K�2���b�m�`�2�b �Q�7
�K���t�B�K�m�K �2���`�i�?�[�m���F�2 �K���;�M�B�i�m�/�2 �B�M �� �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2
�b�2�;�K�2�M�i�X �>�Q�r�2�p�2�`�-N t �b�?�Q�r�b �M�Q �+�Q�`�`�2�H���i�B�Q�M �r�B�i�? �i�?�2
�;�2�Q�K�2�i�`�B�+ �T���`���K�2�i�2�`�b �/�2�b�+�`�B�#�B�M�; �i�?�2 �b�2�B�b�K�Q�;�2�M�B�+ �x�Q�M�2�X

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

�i�?�2 �#�B�p���`�B���i�2 ���M���H�v�b�B�b ���M�/ �i�Q �i�?�2 �B�M�+�Q�K�B�M�; �T�H���i�2
�`�Q�m�;�?�M�2�b�b�- �i�Q �/�B�b�i�B�M�;�m�B�b�? �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�b �r�B�i�?
�� �H�Q�r�2�` �UN t < 0:2�V ���M�/ �?�B�;�?�2�` �M�m�K�#�2�` �Q�7
�2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B �2�p�2�M�i�b �UN t � 0:2�V�X
�a�T�2�+�B�}�+���H�H�v�- �r�2 �}�M�/ �i�?���i �`�Q�m�;�? �B�M�+�Q�K�B�M�; �T�H���i�2�b ���i
�2�`�Q�b�B�Q�M���H �K���`�;�B�M�b�- �B�M �`���T�B�/�H�v �+�Q�M�p�2�`�;�B�M�; �b�v�b�i�2�K�b �?���p�2
�T�`�Q�/�m�+�2�/ �K�Q�`�2 �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B �2�p�2�M�i�b
�/�m�`�B�M�; �i�?�2 ���M���H�v�b�2�/ �i�B�K�2 �b�T���M�X

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

�9�X�R���`�2 �i�?�2�`�2 ���M�v �b�T�2�+�B�}�+ �i�2�+�i�Q�M�B�+
�b�2�i�i�B�M�;�b �r�?�2�`�2 �K�Q�`�2
�2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B
�2�p�2�M�i�b �?���p�2 �#�2�2�M �Q�#�b�2�`�p�2�/�\

�q�2 �}�M�/ �K�m�H�i�B�T�H�2 �b�B�;�M�B�}�+���M�i �+�Q�`�`�2�H���i�B�Q�M�b ���M�/ �T���i�i�2�`�M�b �B�M
�#�Q�i�? �i�?�2 �#�B�p���`�B���i�2 ���M�/ �K�m�H�i�B�p���`�B���i�2 ���M���H�v�b�2�b�- �B�M�/�B�+���i�B�M�;
�i�?���i �+�2�`�i���B�M �T���`���K�2�i�2�`�b ���`�2 �B�M�/�2�2�/ �+�Q�`�`�2�H���i�2�/ �r�B�i�? ���M
�B�M�+�`�2���b�2�/ ���K�Q�m�M�i �Q�7 �Q�#�b�2�`�p�2�/ �i�b�m�M���K�B �2�p�2�M�i�b�X �a�Q�- �r�2
�b�?�Q�r �i�?���i �i�?�2�`�2 ���`�2 �B�M�/�2�2�/ �b�T�2�+�B�}�+ �i�2�+�i�Q�M�B�+ �b�2�i�i�B�M�;�b
�r�?�2�`�2 �K�Q�`�2 �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B �2�p�2�M�i�b �?���p�2
�#�2�2�M �Q�#�b�2�`�p�2�/ �7�`�Q�K �R�N�e�k �i�Q �k�y�R�3�X �h�?�2�`�2�7�Q�`�2�- �r�2
�b�T�2�+�m�H���i�2 �i�?���i �i�?�2�`�2 ���`�2 �b�T�2�+�B�}�+ �i�2�+�i�Q�M�B�+ �b�2�i�i�B�M�;�b �i�?���i
�+�Q�m�H�/ �#�2 �K�Q�`�2 �T�`�Q�M�2 �i�Q �?�Q�b�i �i�b�m�M���K�B�;�2�M�B�+ �2���`�i�?�[�m���F�2�b
�U�a�2�+�i�B�Q�M�9�X�k�V�X �>�Q�r�2�p�2�`�- �B�i �B�b �B�K�T�Q�`�i���M�i �i�Q �M�Q�i�2 �i�?���i �K�Q�b�i
�b�+���i�i�2�` �T�H�Q�i�b �b�i�B�H�H �+�Q�M�i���B�M �Q�m�i�H�B�2�`�b �U�6�B�;�m�`�2�9�V ���M�/ �i�?�2�`�2 ���`�2
���H�r���v�b ���i �H�2���b�i �3 �b�2�;�K�2�M�i�b �U�R�k�X�N�W�V �B�M�+�Q�`�`�2�+�i�H�v �+�H���b�b�B�}�2�/
�B�M �i�?�2 �K�m�H�i�B�p���`�B���i�2 ���M���H�v�b�B�b �U�a�2�+�i�B�Q�M�j�X�k�V�X �"�2�b�B�/�2�b �i�?���i�-
�7�Q�` �b�Q�K�2 �T���`���K�2�i�2�`�b �M�Q �+�H�2���` �+�Q�`�`�2�H���i�B�Q�M �+���M �#�2 �/�B�b�+�2�`�M�2�/
���i ���H�H�X �h�?�B�b �B�b �T���`�i�H�v �/�m�2 �i�Q �i�?�2 �H�B�K�B�i�2�/ ���K�Q�m�M�i �Q�7 �/���i��
�7�Q�` �i�?�2 �e�k �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i�b�X �J�Q�b�i �T���`���K�2�i�2�`�b
�B�M �i�?�2 �a�L�A�h�*�> �/���i���#���b�2 �/�Q �M�Q�i �?���p�2 �p���H�m�2�b �7�Q�` �2���+�?
�b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i �/�m�2 �i�Q �� �H���+�F �Q�7 �Q�#�b�2�`�p���i�B�Q�M�b�X

�A�M ���/�/�B�i�B�Q�M�- �r�2 �Q�M�H�v �+�Q�M�b�B�/�2�` �� �H�B�K�B�i�2�/ �Q�#�b�2�`�p���i�B�Q�M���H
�i�B�K�2 �b�T���M �7�Q�` �i�?�2 �/���i�� �B�M �i�?�B�b �b�i�m�/�v�- �r�B�i�? �i�?�2 �i�b�m�M���K�B
�/���i�� �H�B�K�B�i�2�/ �i�Q �R�N�e�k���k�y�R�3�X �h�?�B�b �i�B�K�2 �b�T���M �B�b �+�Q�M�b�i�`���B�M�2�/
�#�v �i�?�2 ���p���B�H���#�B�H�B�i�v �Q�7 ���b�@�+�Q�K�T�H�2�i�2�@���b�@�T�Q�b�b�B�#�H�2 �;�H�Q�#���H
�+�Q�p�2�`���;�2 �Q�7 �i�b�m�M���K�B �Q�#�b�2�`�p���i�B�Q�M�b�- ���b �`�2�+�Q�K�K�2�M�/�2�/ �#�v
�i�?�2�:�H�Q�#���H �>�B�b�i�Q�`�B�+���H �h�b�m�M���K�B �.���i���#���b�2�U�_�2�i�`�B�2�p�2�/�,
�6�2�#�`�m���`�v �R�- �k�y�R�N�V�X �A�M�+�Q�`�T�Q�`���i�B�M�; �/���i�� �7�`�Q�K �Q�m�i�b�B�/�2 �i�?�B�b
�Q�#�b�2�`�p���i�B�Q�M���H �i�B�K�2 �r�B�M�/�Q�r �r�Q�m�H�/ �b�F�2�r �i�?�2 �`�2�b�m�H�i�b �Q�7 �Q�m�`
�b�i���i�B�b�i�B�+���H ���M���H�v�b�B�b �#�v ���/�/�B�M�; �� �#�B���b �i�Q�r���`�/�b �i�b�m�M���K�B
�2�p�2�M�i�b �+���m�b�2�/ �#�v �H���`�;�2 �K���;�M�B�i�m�/�2 �2���`�i�?�[�m���F�2�b �i�?���i ���`�2
�K�Q�`�2 �2���b�B�H�v �Q�#�b�2�`�p���#�H�2�X �>�Q�r�2�p�2�`�- ���b �� �/�Q�r�M�b�B�/�2�- �i�?�B�b
�K�2���M�b �i�?���i �i�?�2 �i�b�m�M���K�B�;�2�M�B�+ �T�Q�i�2�M�i�B���H �Q�7 �`�2�;�B�Q�M�b �i�?���i
�?���p�2 �2�t�T�2�`�B�2�M�+�2�/ �H���`�;�2 �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B�b
�Q�m�i�b�B�/�2 �Q�7 �i�?�2 �i�B�K�2 �7�`���K�2 �Q�7 �Q�m�` �/���i���#���b�2 �K�B�;�?�i �#�2
�m�M�/�2�`�2�b�i�B�K���i�2�/ �B�M �Q�m�` ���M���H�v�b�B�b �U���H�b�Q �b�2�2 �a�2�+�i�B�Q�M�R�X�k�V�X

�A�M�i�2�`�2�b�i�B�M�;�H�v�- �i�?�2 �b�2�B�b�K�Q�;�2�M�B�+ �x�Q�M�2 �;�2�Q�K�2�i�`�v
�T���`���K�2�i�2�`�b �U�a�2�+�i�B�Q�M�k�X�k�V �/�Q �M�Q�i �+�Q�`�`�2�H���i�2 �r�B�i�?N t

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

�8�e�%�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�8�8�8�d�8�f�i�2�F�i�Q�M�B�F���k�y�k�8�X�j�X�R�X�3�3 �h�1�E�h�P�L�A�E�� �% �p�Q�H�m�K�2 �j�X�R �% �k�y�k�8



�h�1�E�h�P�L�A�E�� �%�_�1�a�1���_�*�> ���_�h�A�*�G�1 �% �p���M �w�2�H�b�i �2�i ���H�X�- �1���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �h�b�m�M���K�B�b ���M�/ �a�m�#�/�m�+�i�B�Q�M �w�Q�M�2 �*�?���`���+�i�2�`�B�b�i�B�+�b

�/���i�� �T�`�2�b�2�M�i �B�M �Q�m�` �i�b�m�M���K�B �/���i���#���b�2�b �B�b �i�Q�Q �b�+���`�+�2 �i�Q
�`�2�b�m�H�i �B�M ���M�v �b�B�;�M�B�}�+���M�i �+�Q�`�`�2�H���i�B�Q�M �U�6�B�;�m�`�2�j�V�X �>�Q�r�2�p�2�`�-
�Q�i�?�2�` �T���`���K�2�i�2�`�b �/�Q �b�?�Q�r �b�B�;�M�B�}�+���M�i �+�Q�`�`�2�H���i�B�Q�M�b�- �b�Q
�i�?�B�b �Q�T�i�B�Q�M �B�b �M�Q�i �M�2�+�2�b�b���`�B�H�v �i�`�m�2�X ���M ���H�i�2�`�M���i�B�p�2
�2�t�T�H���M���i�B�Q�M �K�B�;�?�i �#�2 �i�?���i �i�?�2 �K�2�;���i�?�`�m�b�i �B�b �M�Q�i �i�?�2
�Q�M�H�v �B�K�T�Q�`�i���M�i �7���m�H�i �B�M �i�b�m�M���K�B�;�2�M�2�b�B�b�X �"�2�+���m�b�2 �Q�7
�i�?���i�- �i�?�2 �b�2�B�b�K�Q�;�2�M�B�+ �x�Q�M�2 �T���`���K�2�i�2�`�b �i�?���i �/�2�}�M�2 �i�?�2
�T�Q�i�2�M�i�B���H �b�H�B�T ���`�2�� �Q�M �i�?�2 �K�2�;���i�?�`�m�b�i �/�Q �M�Q�i �+�Q�`�`�2�H���i�2
�r�B�i�?N t �X �q�2 �2�t�T�H�Q�`�2 �i�?�B�b �Q�T�i�B�Q�M �B�M �K�Q�`�2 �/�2�i���B�H �B�M
�a�2�+�i�B�Q�M�9�X�j�X

�P�m�` �#�B�p���`�B���i�2 �b�i�m�/�v �b�?�Q�r�b �� �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M
�i�?�2 �M�m�K�#�2�` �Q�7 �i�b�m�M���K�B �2�p�2�M�i�b ���M�/ �i�?�2 �K���t�B�K�m�K
�2���`�i�?�[�m���F�2 �K���;�M�B�i�m�/�2�X �h�?�`�Q�m�;�? �i�?�2 �:�m�i�2�M�#�2�`�;�@�_�B�+�?�i�2�`
�b�i���i�B�b�i�B�+�b �Q�7 �2���`�i�?�[�m���F�2�b �U�:�m�i�2�M�#�2� �̀; ���M�/ �_�B�+�?�i�2�`�-�R�N�8�e�V�-
�i�?�B�b �B�b �b�i�`���B�;�?�i�7�Q�`�r���`�/�H�v �2�t�T�H���B�M�2�/ �i�?�`�Q�m�;�? �i�?�2 �7���+�i
�i�?���i �� �H���`�;�2�` �2���`�i�?�[�m���F�2 �K���;�M�B�i�m�/�2 �B�K�T�H�B�2�b �K�Q�`�2
�U�T�Q�i�2�M�i�B���H�H�v �i�b�m�M���K�B�;�2�M�B�+�V ���7�i�2�`�b�?�Q�+�F�b�X �A�M ���/�/�B�i�B�Q�M�-
�H���`�;�2�` �2���`�i�?�[�m���F�2�b �?���p�2 �� �?�B�;�?�2�` �i�b�m�M���K�B�;�2�M�B�+ �T�Q�i�2�M�i�B���H
�i�?�`�Q�m�;�? �i�?�2�B�` �T�Q�i�2�M�i�B���H �7�Q�` �H���`�;�2�` �b�m�`�7���+�2 �/�B�b�T�H���+�2�K�2�M�i�X
�q�2 �K�m�b�i �i�?�2�`�2�7�Q�`�2 �T�`�2�b�m�K�2 �i�?���i �i�?�2�`�2 �B�b ���M �2�b�i���#�H�B�b�?�2�/
�`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�?�2 �`�2�+�m�`�`�2�M�+�2 �B�M�i�2�`�p���H �Q�7 �H���`�;�2
�2���`�i�?�[�m���F�2�b �B�M �� �`�2�;�B�Q�M ���M�/ �H���`�;�2 �i�b�m�M���K�B �2�p�2�M�i�b�X �q�2
���i�i�2�K�T�i �i�Q �2�H�B�K�B�M���i�2 �i�?�B�b �2�z�2�+�i �Q�7 �i�?�2 �`�2�+�m�`�`�2�M�+�2 �B�M�i�2�`�p���H
�Q�7 �`�2�;�B�Q�M�b �Q�M �i�b�m�M���K�B�;�2�M�B�+ �#�2�?���p�B�Q�m�` �#�v �H�Q�Q�F�B�M�; ���i �i�?�2
�M�Q�`�K���H�B�b�2�/ �M�m�K�#�2�` �Q�7 �i�b�m�M���K�B �2�p�2�M�i�b �T�2�` �F�K �i�`�2�M�+�?N t

�7�Q�` �i�?�2 �i�B�K�2 �7�`���K�2 �7�`�Q�K �R�N�e�k �� �k�y�R�3�- �7�Q�` �r�?�B�+�? �;�H�Q�#���H�H�v
�`�2�H�B���#�H�2 �i�b�m�M���K�B �Q�#�b�2�`�p���i�B�Q�M�b ���`�2 ���p���B�H���#�H�2�X �>�Q�r�2�p�2�`�-
�i�?�B�b �i�B�K�2 �7�`���K�2 �B�b �H�2�b�b �i�?���M �i�?�2 �`�2�+�m�`�`�2�M�+�2 �B�M�i�2�`�p���H�b �Q�7
�H���`�;�2 �2���`�i�?�[�m���F�2�b�- �r�?�B�+�? �+���M �#�2 �m�T �i�Q �� �7�2�r �?�m�M�/�`�2�/
�v�2���`�b �U�:�Q�H�/�}�M�;�2�` �2�i ���H�X�- �k�y�y�j�c�*�B�b�i�2�`�M���b �2�i ���H�X�- �k�y�y�8�c
�a�B�2�? �2�i ���H�X�- �k�y�y�3�c�:�Q�H�/�}�M�;�2�` �2�i ���H�X�- �k�y�R�j�c�"�`�B�x�x�B �2�i ���H�X�-
�k�y�k�y�V�X �>�2�M�+�2�- �/�2�b�T�B�i�2 �m�b�B�M�; �i�?�2 �K�Q�b�i �+�Q�K�T�`�2�?�2�M�b�B�p�2 ���M�/
�?�Q�K�Q�;�2�M�B�b�2�/ �/���i���b�2�i ���p���B�H���#�H�2�- �Q�m�` ���T�T�`�Q���+�? �K�B�;�?�i �M�Q�i
�7�m�H�H�v �+���T�i�m�`�2 �+�Q�`�`�2�H���i�B�Q�M�b �#�2�i�r�2�2�M �i�2�+�i�Q�M�B�+ �T���`���K�2�i�2�`�b
���M�/ �i�b�m�M���K�B�;�2�M�2�b�B�b �/�m�2 �i�Q �i�?�2 �H�B�K�B�i�2�/ �i�b�m�M���K�B �`�2�+�Q�`�/�X

�*�Q�M�+�2�`�M�B�M�; �i�?�2 �T���`���K�2�i�2�`N t �Q�M �r�?�B�+�? �r�2 �#���b�2 �Q�m�`
�K���B�M ���M���H�v�b�B�b�- �r�2 �#�2�H�B�2�p�2 �B�i �T�`�Q�p�B�/�2�b �� �b�+���H�2�@�7�`�2�2 �K�2���b�m�`�2
�i�Q �[�m���M�i�B�7�v �i�?�2 �i�b�m�M���K�B�;�2�M�B�+ ���+�i�B�p�B�i�v �Q�7 �� �`�2�;�B�Q�M�X �h�?�B�b
���H�H�Q�r�b �m�b �i�Q �T�2�`�7�Q�`�K �Q�m�` �b�i���i�B�b�i�B�+���H ���M���H�v�b�B�b �i�Q �b�2�2 �B�7
�i�?�2�`�2 ���`�2 ���M�v �+�Q�`�`�2�H���i�B�Q�M�b �#�2�i�r�2�2�M �i�2�+�i�Q�M�B�+ ���M�/ �i�b�m�M���K�B
�T���`���K�2�i�2�`�b�X �>�Q�r�2�p�2�`�- ���b �K�2�M�i�B�Q�M�2�/ �#�2�7�Q�`�2�-N t �B�b �M�Q�i
�� �T�2�`�7�2�+�i �K�2���b�m�`�2 �Q�7 �i�b�m�M���K�B�;�2�M�B�+ ���+�i�B�p�B�i�v ���M�/ �B�M�/�2�2�/
�K�B�b�b�2�b �� �H�Q�i �Q�7 �i�?�2 �T�?�v�b�B�+�b �i�?���i �r�2 �F�M�Q�r �;�Q�p�2�`�M�b
�i�b�m�M���K�B�;�2�M�2�b�B�b �i�Q ���M �2�t�i�2�M�i�X �h�?�2�`�2�7�Q�`�2�- �r�?�B�H�2 �Q�m�`
�}�M�/�B�M�;�b �?�B�;�?�H�B�;�?�i �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 �i�`�2�M�/�b�- �B�i �B�b �T�Q�b�b�B�#�H�2
�i�?���i �+�Q�`�`�2�H���i�B�Q�M�b ���M�/ �B�M�7�2�`�`�2�/ �`�2�H���i�B�Q�M�b�?�B�T�b �+�Q�m�H�/ �2�p�Q�H�p�2
�B�M �i�?�2 �7�m�i�m�`�2 ���b �K�Q�`�2 �+�Q�K�T�`�2�?�2�M�b�B�p�2 �i�b�m�M���K�B �/���i���b�2�i�b �Q�`
���H�i�2�`�M���i�B�p�2�- �K�Q�`�2 �õ�T�?�v�b�B�+���H�H�v �/�`�B�p�2�M�ö �i�b�m�M���K�B �T���`���K�2�i�2�`�b
�#�2�+�Q�K�2 ���p���B�H���#�H�2 ���i �i�?�2 �;�H�Q�#���H �b�+���H�2 �U���H�b�Q �b�2�2 �a�2�+�i�B�Q�M�R�X�k�V�X

�9�X�k�q�?�B�+�? �i�2�+�i�Q�M�B�+ �T���`���K�2�i�2�`�b ���`�2
�+�Q�`�`�2�H���i�2�/ �i�Q ���M �B�M�+�`�2���b�2�/ �M�m�K�#�2�`
�Q�7 �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B
�2�p�2�M�i�b �B�M �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�b�\

�P�m�` ���M���H�v�b�B�b �b�?�Q�r�b �i�?���i �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�b �r�?�2�`�2 ��
�`�Q�m�;�? �B�M�+�Q�K�B�M�; �T�H���i�2 �b�m�#�/�m�+�i�b �`���T�B�/�H�v ���i ���M �2�`�Q�b�B�Q�M���H
�K���`�;�B�M ���`�2 �;�2�M�2�`���H�H�v �K�Q�`�2 �H�B�F�2�H�v �i�Q �?���p�2 �?�Q�b�i�2�/ �K���M�v
�2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B �2�p�2�M�i�b �7�`�Q�K �R�N�e�k �� �k�y�R�3
�i�?���M �i�?�2�B�` �b�H�Q�r�H�v �b�m�#�/�m�+�i�B�M�;�- �b�K�Q�Q�i�?�- ���+�+�`�2�i�B�Q�M���`�v
�+�Q�m�M�i�2�`�T���`�i�b �U�6�B�;�m�`�2�3�V�X

�A�M�/�2�2�/�- �i�?�2 �C���T���M �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i�- �r�?�B�+�? �?���b
�i�?�2 �?�B�;�?�2�b�i �M�Q�`�K���H�B�b�2�/ �M�m�K�#�2�` �Q�7 �i�b�m�M���K�B �2�p�2�M�i�b �T�2�`
�F�K �i�`�2�M�+�? �7�`�Q�K �R�N�e�k �i�Q �k�y�R�3�- �B�b ���M �2�`�Q�b�B�Q�M���H �K���`�;�B�M
�r�B�i�? �H�Q�r �b�2�/�B�K�2�M�i �+�Q�p�2�` �U�y�X�3 �F�K �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b ���i
�i�?�2 �i�`�2�M�+�?�V ���M�/ �� �K�Q�/�2�`���i�2 �H�Q�M�;�@�r���p�2�H�2�M�;�i�? �`�Q�m�;�?�M�2�b�b
�Q�7 �9�e�R�X�k�9 �F�K �U�6�B�;�m�`�2�9�V�X �h�?�2 �a�Q�m�i�?�2�`�M �E�m�`�B�H �b�m�#�/�m�+�i�B�Q�M
�b�2�;�K�2�M�i�- �r�?�B�+�? ���H�b�Q �?���b �� �?�B�;�?N t �Q�7 �y�X�d�d�- �b�?���`�2�b �i�?�Q�b�2
�+�?���`���+�i�2�`�B�b�i�B�+�b �r�B�i�? �i�?�2 �C���T���M �b�m�#�/�m�+�i�B�Q�M �b�2�;�K�2�M�i�- �r�B�i�?
�� �i�`�2�M�+�? �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b �Q�7 �y�X�8 �F�K ���M�/ �� �b�H�B�;�?�i�H�v �H�Q�r�2�`
�H�Q�M�;�@�r���p�2�H�2�M�;�i�? �`�Q�m�;�?�M�2�b�b �Q�7 �k�d�j�X�j�R �F�K�X �A�M �+�Q�M�i�`���b�i�-
�b�m�#�/�m�+�i�B�Q�M �b�2�;�K�2�M�i�b �r�B�i�? �� �M�Q�i���#�H�v �?�B�;�? �b�2�/�B�K�2�M�i
�i�?�B�+�F�M�2�b�b�- �b�m�+�? ���b �i�?�2 �*���H���#�`�B�� �U�8�X�y �F�K�V�- �q�2�b�i ���2�;�2���M
�U�e�X�j �F�K�V�- ���M�/ �J���F�`���M �U�d�X�e �F�K�V �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�b�- �b�?�Q�r
�p�2�`�v �H�Q�r �p���H�m�2�b �Q�7N t �U�6�B�;�m�`�2�9�V�- ���H�i�?�Q�m�;�? �B�i �B�b �B�K�T�Q�`�i���M�i
�i�Q �M�Q�i�2 �i�?���i �b�B�;�M�B�}�+���M�i �2���`�i�?�[�m���F�2�@�;�2�M�2�`���i�2�/ �i�b�m�M���K�B
�2�p�2�M�i�b �?���p�2 �Q�+�+�m�`�`�2�/ �B�M �b�Q�K�2 �Q�7 �i�?�2�b�2 �b�2�i�i�B�M�;�b �B�M �i�?�2
�T���b�i�- �Q�m�i�b�B�/�2 �i�?�2 �i�B�K�2 �r�B�M�/�Q�r �Q�7 �Q�m�` �/���i���#���b�2�X ���T���`�i
�7�`�Q�K �� �H�Q�r �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b�- �i�?�2 �*���H���#�`�B�� �b�m�#�/�m�+�i�B�Q�M
�b�2�;�K�2�M�i �B�b ���H�b�Q ���M ���+�+�`�2�i�B�Q�M���`�v �b�2�i�i�B�M�; ���M�/ �?���b �H�Q�r
�+�Q�M�p�2�`�;�2�M�+�2 �p�2�H�Q�+�B�i�B�2�b �r�B�i�?vcn = 4 �K�K �v�2���`� 1 ���M�/
vsn = 4 �K�K �v�2���`� 1�X �h�?�2 �q�2�b�i ���2�;�2���M ���M�/ �J���F�`���M
�b�m�#�/�m�+�i�B�Q�M �b�2�;�K�2�M�i�b ���`�2 ���H�b�Q ���+�+�`�2�i�B�Q�M���`�v �K���`�;�B�M�b�- �#�m�i
�b�T�Q�`�i �b�H�B�;�?�i�H�v �?�B�;�?�2�` �+�Q�M�p�2�`�;�2�M�+�2 �p�2�H�Q�+�B�i�B�2�b �m�T �i�Q �� �7�2�r
�+�K �T�2�` �v�2���`�X �h�?�2 �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �r�B�i�? �i�?�2 �?�B�;�?�2�b�i
�H�Q�M�;�@�r���p�2�H�2�M�;�i�? �`�Q�m�;�?�M�2�b�b�- �L�2�r �"�`�B�i���B�M�- �?���b �� �K�Q�/�2�`���i�2
�p���H�m�2 �Q�7N t �Q�7 �y�X�j�k ���M�/ �� �B�M �H�B�M�2 �r�B�i�? �Q�m�` �;�2�M�2�`���H �`�2�b�m�H�i�b
�� �B�b ���M �2�`�Q�b�B�Q�M���H �K���`�;�B�M �r�B�i�? �H�Q�r �b�2�/�B�K�2�M�i �+�Q�p�2�` ���i
�i�?�2 �i�`�2�M�+�? �U�R�X�y �F�K�V ���M�/ �� �?�B�;�? �b�m�#�/�m�+�i�B�Q�M �p�2�H�Q�+�B�i�v �Q�7
vsn = 87 �K�K �v�2���`� 1�X

�P�m�` �}�M�/�B�M�;�b ���`�2 ���H�b�Q �B�M �H�B�M�2 �r�B�i�? �Q�i�?�2�` �b�i�m�/�B�2�b�-
�r�?�B�+�? �b�?�Q�r �i�?���i �i�b�m�M���K�B �2���`�i�?�[�m���F�2�b ���`�2 �i�v�T�B�+���H�H�v
���b�b�Q�+�B���i�2�/ �r�B�i�? �2�`�Q�b�B�Q�M���H �K���`�;�B�M�b �U�S�Q�H�2�i ���M�/ �E���M���K�Q�`�B�-
�k�y�y�y�c �"�B�H�2�F�- �k�y�R�y�c �:�2�2�`�b�2�M�- �k�y�R�N�c �J�2�M�; ���M�/ �.�m���M�-
�k�y�k�j�V ���M�/ �� �`�Q�m�;�? �B�M�+�Q�K�B�M�; �T�H���i�2 �U�"�2�H�H �2�i ���H�X�- �k�y�R�9�c
�:�2�2�`�b�2�M�- �k�y�R�N�V�X �P�m�` ���M���H�v�b�B�b ���H�b�Q �?�B�;�?�H�B�;�?�i�b �i�?�2
�B�K�T�Q�`�i���M�+�2 �Q�7 �?���p�B�M�; �� �i�?�B�M �b�2�/�B�K�2�M�i �H���v�2�` �B�M �i�?�2
�b�m�#�/�m�+�i�B�Q�M �b�2�;�K�2�M�i �B�M �Q�`�/�2�` �i�Q �#�2 ���b�b�Q�+�B���i�2�/ �r�B�i�?
�K�Q�`�2 �i�b�m�M���K�B�;�2�M�B�+ �2���`�i�?�[�m���F�2�b�X �h�?�2 �2�z�2�+�i �Q�7 �� �i�?�B�M
�b�2�/�B�K�2�M�i �H���v�2�` �Q�M �i�b�m�M���K�B�;�2�M�B�+ �2���`�i�?�[�m���F�2 �Q�+�+�m�`�`�2�M�+�2
�B�M �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2�b �}�i�b �r�2�H�H �r�B�i�? �i�?�2 �B�K�T�Q�`�i���M�+�2 �Q�7
�2�`�Q�b�B�Q�M���H �K���`�;�B�M�b�- �#�2�+���m�b�2 �b�2�/�B�K�2�M�i�@�b�i���`�p�2�/ �i�`�2�M�+�?�2�b ���`�2
�Q�7�i�2�M ���b�b�Q�+�B���i�2�/ �r�B�i�? �2�`�Q�b�B�Q�M���H �K���`�;�B�M�b�X �>�Q�r�2�p�2�`�- �i�?�B�b
�/�Q�2�b �M�Q�i �K�2���M �i�?���i �2�`�Q�b�B�Q�M���H �K���`�;�B�M�b ���`�2 �+�Q�K�T�H�2�i�2�H�v
�/�2�p�Q�B�/ �Q�7 �b�2�/�B�K�2�M�i �+�Q�p�2�` �U�*�H�B�7�i ���M�/ �o���M�M�m�+�+�?�B�- �k�y�y�9�V�X
�A�i �?���b �#�2�2�M �b�m�;�;�2�b�i�2�/ �i�?���i �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �b�2�/�B�K�2�M�i�b
�+�Q�m�H�/ �2�M�?���M�+�2 �i�b�m�M���K�B�;�2�M�2�b�B�b�- �#�v �T�`�Q�K�Q�i�B�M�; �H���`�;�2�` �m�T�H�B�7�i
�U�J�� ���M�/ �L�B�2�- �k�y�R�N�V�X �h�?�B�b �+�Q�m�H�/ �2�t�T�H���B�M �i�?�2 �H���`�;�2
�`���M�;�2 �Q�7N t �7�Q�` �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i�b �r�B�i�? �K�Q�/�2�`���i�2
�b�2�/�B�K�2�M�i �+�Q�p�2�` �U�B�X�2�X�-Tsed � �k �F�K�c �6�B�;�m�`�2�9�/�V�X �h�?�2�`�2�7�Q�`�2�-
�2�`�Q�b�B�Q�M���H �K���`�;�B�M�b �r�B�i�? �� �b�K���H�H �b�2�/�B�K�2�M�i���`�v �r�2�/�;�2
�K���v �#�2 �K�Q�`�2 �T�`�Q�M�2 �i�Q �?�Q�b�i �i�b�m�M���K�B�;�2�M�B�+ �2���`�i�?�[�m���F�2�b�X
�h�?�2 �M�2�;���i�B�p�2 �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b
���M�/ �i�?�2 ���K�Q�m�M�i �Q�7 �M�Q�`�K���H�B�b�2�/ �i�b�m�M���K�B �2�p�2�M�i�b �B�M ��
�b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i �+�Q�m�H�/ ���H�b�Q �#�2 �`�2�H���i�2�/ �i�Q �i�?�2
�2�z�2�+�i �Q�7 �b�2�/�B�K�2�M�i �i�?�B�+�F�M�2�b�b �Q�M �i�?�2 �`�2�+�m�`�`�2�M�+�2 �i�B�K�2 �Q�7
�2���`�i�?�[�m���F�2�b�X �6�Q�` �2�t���K�T�H�2�- �i�?�2 �K�Q�/�2�H�H�B�M�; �b�i�m�/�v �Q�7�"�`�B�x�x�B
�2�i ���H�X�U�k�y�k�y�V �b�?�Q�r�b �i�?���i �H�2�b�b �b�2�/�B�K�2�M�i �+�Q�p�2�` �`�2�b�m�H�i�b �B�M
�� �b�K���H�H�2�` �b�2�B�b�K�Q�;�2�M�B�+ �x�Q�M�2 �r�B�i�? �� �b�?�Q�`�i�2�` �`�2�+�m�`�`�2�M�+�2
�B�M�i�2�`�p���H�X �>�2�`�2�- �r�2 �}�M�/ �i�?���i �b�m�#�/�m�+�i�B�Q�M �x�Q�M�2 �b�2�;�K�2�M�i�b
�r�B�i�? �� �i�?�B�+�F �b�2�/�B�K�2�M�i���`�v �H���v�2�` �� ���M�/�- �T�`�2�b�m�K���#�H�v�- ��
�H���`�;�2�` �`�2�+�m�`�`�2�M�+�2 �B�M�i�2�`�p���H �� �?���p�2 �;�2�M�2�`���H�H�v �T�`�Q�/�m�+�2�/

�8�d�%�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�8�8�8�d�8�f�i�2�F�i�Q�M�B�F���k�y�k�8�X�j�X�R�X�3�3 �h�1�E�h�P�L�A�E�� �% �p�Q�H�m�K�2 �j�X�R �% �k�y�k�8




	The SNITCH database
	Subduction zone characteristics
	Earthquake-generated tsunami events

	Bivariate statistical analysis: a first-order look into relationships between tsunami events and subduction zone characteristics
	Methods
	Results

	Multivariate statistical analysis: an in-depth look into relationships between tsunami events and subduction zone characteristics
	Methods
	Results
	An in-depth study of one representative Fisher analysis as an example
	Combined results of all Fisher analyses


	Discussion
	Are there any specific tectonic settings where more earthquake-generated tsunami events have been observed?
	Which tectonic parameters are correlated to an increased number of earthquake-generated tsunami events in subduction zones?
	Which type of fault produces tsunamigenic earthquakes?

	Conclusions

