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Cloud computing’s ubiquitous infrastructure-as-a-service (IaaS) model has enabled a broad
range of enterprise organizations to roll out online services at low cost. Cloud’s multi-region
support allows computational resources to be instantiated from different data centers around
the world, enabling new classes of geographical-scale (or “geo-scale”) applications. State ma-
chine replication (SMR) is the de facto standard for building highly scalable and available
distributed applications and services. SMR replicates a service across a set of nodes, and
executes client operations on the replicas in an agreed-upon total order, ensuring consistency
of the replicated state. The problem of determining a total order reduces to one of .

State-of-the-art consensus protocols are inadequate for newer classes of applications such
as blockchains and for geo-scale infrastructures. The widely used Crash Fault Tolerance
(CFT) fault model of consensus protocols is prone to malicious and adversarial behaviors
and non-crash faults such as software bugs. Byzantine fault-tolerant models permit stronger
failure adversaries. However, state-of-the-art Byzantine consensus protocols do not scale
for geo-scale systems: they designate a primary replica for proposing total-orders, which
becomes a bottleneck, and which yields sub-optimal latencies for far-away clients. Addition-
ally, they do not exploit workload characteristics: commuting requests are also total-ordered,
preventing their parallel execution.

To overcome these limitations and develop highly scalable and practical Byzantine SMR,
this dissertation proposes: 1) :

. 2) : . 3)
: .

is a novel leaderless, distributed consensus protocol capable of tolerating byzan-
tine faults. ’s main goal is to minimize the client-side latency in WAN deployments.
It achieves this by (i) having no designated primary replica, and instead, enabling every
replica to order the requests that it receives from clients; (ii) using only three communica-
tion steps to order requests in the common case; and (iii) involving clients actively in the
consensus process. Our experimental evaluation reveals that improves client-side
latency by as much as 40% over state-of-the-art byzantine fault-tolerant protocols including
PBFT, FaB, and Zyzzyva.

is a leaderless hybrid state machine replication protocol that incorporates a novel
trusted subsystem, called , for achieving high performance in geo-scale deployments.

allows any replica to propose and commit client commands in two communication
steps in most practical situations, while clients minimize latency by sending commands to
the closest replica. Through evaluation, we show that is able to reduce latency
by as much as 30% compared to recent state-of-the-art solutions, while providing better
throughput and tolerance to faults.

is a general methodology for transforming CFT protocols to tolerate byzantine
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faults by incorporating a trusted subsystem realized using trusted execution environments.
This is because distributed systems that employ crash fault-tolerant (CFT) consensus-based
state machine replication are incapable of handling non-crash faults that are increasingly
common. We demonstrate the feasibility of the approach by transforming
common CFT protocols including Raft, Paxos, and WPaxos into their hybrid counterparts.
By incorporating our approach in etcd’s Raft consensus, we show that overheads due to
hybridization are less than 30% in terms of throughput.
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�B�K�T�H�2�K�2�M�i�B�M�; �i�?�2 ���H�;�Q�`�B�i�?�K �r�B�i�?�B�M �i�?���i �T�`�Q�+�2�b�b�X �� �7���B�H�m�`�2 �Q�+�+�m�`�b �r�?�2�M�2�p�2�` �i�?�2 �T�`�Q�+�2�b�b �/�Q�2�b
�M�Q�i �#�2�?���p�2 ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 ���H�;�Q�`�B�i�?�K�X �P�m�` �m�M�B�i �Q�7 �7���B�H�m�`�2 �B�b �i�?�2 �T�`�Q�+�2�b�b�X �q�?�2�M �i�?�2 �T�`�Q�+�2�b�b
�7���B�H�b�- ���H�H �B�i�b �+�Q�K�T�Q�M�2�M�i�b �7���B�H ���i �i�?�2 �b���K�2 �i�B�K�2�X �S�`�Q�+�2�b�b ���#�b�i�`���+�i�B�Q�M�b �/�B�7�7�2�` ���+�+�Q�`�/�B�M�; �i�Q �i�?�2
�M���i�m�`�2 �Q�7 �i�?�2 �7���m�H�i�b �i�?���i �+���m�b�2 �i�?�2�K �i�Q �7���B�H�X �S�Q�b�b�B�#�H�2 �7���B�H�m�`�2�b �`���M�;�2 �7�`�Q�K �� �+�`���b�?�- �r�?�2�`�2 ��
�T�`�Q�+�2�b�b �b�B�K�T�H�v �b�i�Q�T�b �i�Q �2�t�2�+�m�i�2 ���M�v �b�i�2�T�b�- �Q�p�2�` ���M �Q�K�B�b�b�B�Q�M �i�Q �i���F�2 �b�Q�K�2 �b�i�2�T�b�- �� �+�`���b�? �r�B�i�?
�b�m�#�b�2�[�m�2�M�i �`�2�+�Q�p�2�`�v�- �i�Q ���`�#�B�i�`���`�v ���M�/ �2�p�2�M ���/�p�2�`�b���`�B���H �#�2�?���p�B�Q�`�X �q�2 �/�B�b�+�m�b�b �i�?�2�b�2 �F�B�M�/�b �Q�7
�7���B�H�m�`�2�b �B�M �i�?�2 �b�m�#�b�2�[�m�2�M�i �b�2�+�i�B�Q�M�b�X



�R�y �*�?���T�i�2�` �k�X �"���+�F�;�`�Q�m�M�/

�k�X�j�X�R �*�`���b�? �6���m�H�i�b

�*�`���b�? �6���m�H�i �B�b �i�?�2 �b�B�K�T�H�2�b�i �Q�7 �i�?�2 �7���m�H�i �K�Q�/�2�H�b�- �B�M �r�?�B�+�? �� �T�`�Q�+�2�b�b �b�i�Q�T �2�t�2�+�m�i�B�M�; �T�`�Q�i�Q�+�Q�H�b
�b�i�2�T�b�X �l�M�/�2�` �i�?�B�b �K�Q�/�2�H�- �� �+�Q�`�`�2�+�i �T�`�Q�+�2�b�b �B�b �2�t�T�2�+�i�2�/ �i�Q �2�t�2�+�m�i�2 �i�?�2 ���H�;�Q�`�B�i�?�K �+�Q�`�`�2�+�i�H�v
���M�/ �2�t�+�?���M�;�2 �K�2�b�b���;�2�b �r�B�i�? �Q�i�?�2�` �T�`�Q�+�2�b�b�2�b �B�M �� �i�B�K�2�H�v �K���M�M�2�` �7�Q�` �b�Q�K�2 �i�B�K�2t�X �"�2�v�Q�M�/�-
�i�?�2 �T�`�Q�+�2�b�b �K���v �b�i�Q�T �b�2�M�/�B�M�; �K�2�b�b���;�2�b ���M�/ �2�t�2�+�m�i�B�M�; �i�?�2 �T�`�Q�i�Q�+�Q�H �i�Q �Q�i�?�2�` �T�`�Q�+�2�b�b�2�b�X ��
�T�`�Q�+�2�b�b �B�b �b���B�/ �i�Q �#�2�7���m�H�i�v�- �B�7 �B�i �+�`���b�?�2�b �b�Q�K�2 �i�B�K�2 �/�m�`�B�M�; �B�i�b �2�t�2�+�m�i�B�Q�M�c �Q�i�?�2�`�r�B�b�2�- �B�i �B�b �b���B�/
�i�Q �#�2�+�Q�`� �̀2�+�i�X �a�m�+�? �T�`�Q�i�Q�+�Q�H�b ���`�2 �b���B�/ �i�Q �#�2 ���/�Q�T�i �i�?�2�+� �̀��b�?�@�b�i�Q�T�K�Q�/�2�H�X

�� �+�Q�M�b�2�M�b�m�b �T�`�Q�i�Q�+�Q�H �m�M�/�2�` �i�?�B�b �7���m�H�i �K�Q�/�2�H �;�m���`���M�i�2�2�b �i�?�2 �b���7�2�i�v �T�`�Q�T�2�`�i�B�2�b �#�v �2�M�7�Q�`�+�B�M�; ��
�H�B�K�B�i �Q�M �i�?�2 �M�m�K�#�2�` �Q�7 �T�`�Q�+�2�b�b�2�b �i�?���i �+���M �#�2 �7���m�H�i�v ���i ���M�v �;�B�p�2�M �i�B�K�2�XN �/�2�M�Q�i�2�b �i�?�2 �i�Q�i���H
�M�m�K�#�2�` �Q�7 �T�`�Q�+�2�b�b�2�b �r�?�B�H�2f �/�2�M�Q�i�2�b �i�?�2 �K���t�B�K�m�K �M�m�K�#�2�` �Q�7 �i�Q�H�2�`���i�2�/ �7���m�H�i�b�X �h�Q �;�m���`���M�i�2�2
�b���7�2�i�v�- �+�`���b�?�@�7���m�H�i �i�Q�H�2�`���M�i �T�`�Q�i�Q�+�Q�H�b �i�v�T�B�+���H�H�v �`�2�[�m�B�`�2N = 2f + 1 �T�`�Q�+�2�b�b�2�b �i�Q �i�Q�H�2�`���i�2f
�7���B�H�m�`�2�b�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�Q �;�m���`���M�i�2�2 �T�`�Q�;�`�2�b�b �2�p�2�M �m�M�/�2�` �7���B�H�m�`�2�b�- �b�m�+�? �T�`�Q�i�Q�+�Q�H�b �/�2�T�2�M�/ �Q�M
�� �[�m�Q�`�m�K�- �B�M�b�i�2���/ �Q�7 ���H�H�- �Q�7 �i�?�2 �T�`�Q�+�2�b�b�2�b�X

�A�M �T�`���+�i�B�+�2�- �B�i �B�b �m�M�H�B�F�2�H�v �i�?���i �M�Q �K�Q�`�2 �i�?���Mf �T�`�Q�+�2�b�b�2�b �/�m�`�B�M�; �i�?�2 �2�M�i�B�`�2 �2�t�2�+�m�i�B�Q�M �Q�7 �i�?�2
�T�`�Q�i�Q�+�Q�H�X �1�B�i�?�2�` �+�`���b�?�2�/ �T�`�Q�+�2�b�b�2�b �K�m�b�i �#�2 �`�2�+�Q�p�2�`�2�/ �Q�` �M�2�r �T�`�Q�+�2�b�b�2�b �K�m�b�i �#�2 �#�2 ���/�/�2�/ �i�Q
�i�?�2 �T�`�Q�i�Q�+�Q�H �i�Q �2�M�b�m�`�2 �T�`�Q�;�`�2�b�b�X �h�?�2�`�2�7�Q�`�2�- �B�M �T�`���+�i�B�+�2�-�+� �̀��b�?�@�b�i�Q�T�T�`�Q�i�Q�+�Q�H�b ���`�2 �2�M�?���M�+�2�/
�r�B�i�? �`�2�+�Q�p�2�`�v �K�2�+�?���M�B�b�K�b �i�?���i �?�2�H�T �� �+�`���b�?�2�/ �T�`�Q�+�2�b�b �`�2�D�Q�B�M �i�?�2 �T�`�Q�i�Q�+�Q�H ���7�i�2�` �� �`�2�b�i���`�i�X
�h�?�2�v ���`�2�- �?�2�M�+�2�- �b���B�/ �i�Q ���/�Q�T�i �i�?�2�+� �̀��b�?�@� �̀2�+�Q�p�2�`�v�K�Q�/�2�H�X �h�v�T�B�+���H�H�v�- �T�`�Q�i�Q�+�Q�H�b �B�M �i�?�B�b �7���m�H�i
�K�Q�/�2�H �T�2�`�b�B�b�i �b�Q�K�2 �b�i���i�2 �B�M�7�Q�`�K���i�B�Q�M �i�Q �H�Q�+���H �b�i���#�H�2 �b�i�Q�`���;�2 �i�Q ���B�/ �/�m�`�B�M�; �i�?�2 �`�2�+�Q�p�2�`�v
�T�`�Q�+�2�/�m�`�2�X

�a�Q�K�2 �Q�7 �i�?�2 �M�Q�i���#�H�2 ���M�/ �T�`�Q�K�B�M�2�M�i �2�t���K�T�H�2�b �Q�7 �T�`�Q�i�Q�+�Q�H�b �i�?���i �i�Q�H�2�`���i�2 �+�`���b�? �7���m�H�i�b ���`�2�,
�S���t�Q�b �(�e�y�)�- �o�B�2�r�b�i���K�T�2�/ �_�2�T�H�B�+���i�B�Q�M �(�d�e�)�- ���M�/ �_���7�i �(�d�d�)�X

�k�X�j�X�k �"�v�x���M�i�B�M�2 �6���m�H�i�b

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

�6�B�;�m�`�2�k�X�R���B�H�H�m�b�i�`���i�2�b �i�?�2 �/�B�7�7�2�`�2�M�i �F�B�M�/�b �Q�7 �7���B�H�m�`�2�b �B�M �i�?�2 �#�v�x���M�i�B�M�2 �7���B�H�m�`�2 �K�Q�/�2�H�X �"�`�Q���/�H�v�-
�#�v�x���M�i�B�M�2 �7���B�H�m�`�2�b �+���M �#�2 �+�H���b�b�B�7�B�2�/ �B�M�i�Q�P�K�B�b�b�B�Q�M�7���m�H�i�b ���M�/�*�Q�K�K�B�b�b�B�Q�M�7���m�H�i�b �(�j�j�)�X �l�M�/�2�`
�Q�K�B�b�b�B�Q�M �7���m�H�i�b�- �� �T�`�Q�+�2�b�b �K���v �7���B�H �i�Q �b�2�M�/ �Q�M�2 �Q�` �K�Q�`�2 �K�2�b�b���;�2�b �b�T�2�+�B�7�B�2�/ �#�v �i�?�2 �T�`�Q�i�Q�+�Q�H�- �#�m�i
�b�2�M�/�b �M�Q �B�M�+�Q�`�`�2�+�i �K�2�b�b���;�2�b�X �*�`���b�? �7���m�H�i�b ���`�2 �� �b�m�#�b�2�i �Q�7 �Q�K�B�b�b�B�Q�M �7���m�H�i�b�X �*�Q�K�K�B�b�b�B�Q�M �7���m�H�i�b
�B�M�+�H�m�/�2 ���H�H �Q�i�?�2�` �M�Q�M�@�Q�K�B�b�b�B�Q�M �7���m�H�i�b �B�M �r�?�B�+�? �� �T�`�Q�+�2�b�b �K���v �b�2�M�/ �� �K�2�b�b���;�2 �M�Q�i �b�T�2�+�B�7�B�2�/
�#�v �i�?�2 �T�`�Q�i�Q�+�Q�H�X �h�?�B�b �B�M�+�H�m�/�2�b�2�[�m�B�p�Q�+���i�B�Q�M�- �B�X�2�X�- �i�?�2 ���#�B�H�B�i�v �Q�7 �� �T�`�Q�+�2�b�b �i�Q �K���F�2 �+�Q�M�7�H�B�+�i�B�M�;
�b�i���i�2�K�2�M�i�b �r�B�i�?�Q�m�i �#�2�B�M�; �/�2�i�2�+�i�2�/ ���b �?���p�B�M�; ���M �B�M�i�2�M�i �i�Q �+�Q�K�T�`�Q�K�B�b�2 �+�Q�M�b�B�b�i�2�M�+�v�X

�"�2�+���m�b�2 �T�`�Q�+�2�b�b�2�b �+���M �2�[�m�B�p�Q�+���i�2�- �#�v�x���M�i�B�M�2 �7���m�H�i �i�Q�H�2�`���M�i �T�`�Q�i�Q�+�Q�H�b �`�2�[�m�B�`�2 �K�Q�`�2 �i�?���MN =
2f + 1 �T�`�Q�+�2�b�b�2�b �i�Q �i�Q�H�2�`���i�2f �7���B�H�m�`�2�b�X �a�T�2�+�B�7�B�+���H�H�v�-N �b�?�Q�m�H�/ �#�2 �2�[�m���H �i�Q3f + 1�X �h�?�2



�k�X�9�X �"�6�h �p�b �*�6�h �p�b �>�v�#�`�B�/�b �R�R

���/�/�B�i�B�Q�M���Hf �`�2�T�H�B�+���b ���`�2 �`�2�[�m�B�`�2�/ �i�Q �Q�p�2�`�b�?���/�Q�r �i�?�2 �K���H�B�+�B�Q�m�b ���+�i�b �U�B�X�2�X�- �2�[�m�B�p�Q�+���i�B�Q�M�V �Q�7 �i�?�2
�#�v�x���M�i�B�M�2 �`�2�T�H�B�+���b�X �l�M�H�B�F�2 �*�6�h�- �T�`�Q�i�Q�+�Q�H�b �B�M �i�?�2 �"�6�h �K�Q�/�2�H �/�Q �M�Q�i �;�m���`���M�i�2�2 �b���7�2�i�v �#�2�v�Q�M�/
f �7���B�H�m�`�2�b�- �i�?�m�b �B�i �B�b �B�K�T�Q�`�i���M�i �i�Q �T�`�Q���+�i�B�p�2�H�v �`�2�+�Q�p�2�` �T�`�Q�+�2�b�b�2�b �i�Q ���p�2�`�i ���M�v �+���H���K�B�i�B�2�b �(�j�R�)�X

�U���V �"�v�x���M�i�B�M�2 �6���m�H�i �J�Q�/�2�H�U�#�V �>�v�#�`�B�/ �6���m�H�i �J�Q�/�2�H

�6�B�;�m�`�2 �k�X�R�, �6���B�H�m�`�2 �?�B�2�`���`�+�?�v�X

�S�"�6�h �(�j�y�) �B�b �i�?�2 �7�B�`�b�i �T�`���+�i�B�+���H �+�Q�M�b�2�M�b�m�b �T�`�Q�i�Q�+�Q�H �i�Q �i�Q�H�2�`���i�2 �"�v�x���M�i�B�M�2 �7���B�H�m�`�2�b�X

�k�X�j�X�j �>�v�#�`�B�/ �6���m�H�i�b

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

�A�M �(�e�9�)�- �i�?�2 ���m�i�?�Q�`�b �T�`�2�b�2�M�i�+� �̀Q�b�b �7���m�H�i �i�Q�H�2� �̀��M�+�2�U�s�6�h�V�- �� �7���m�H�i �i�Q�H�2�`���M�+�2 �K�Q�/�2�H �i�?���i �Q�M�H�v
���/�/�`�2�b�b�2�b �+�2�`�i���B�M �+�H���b�b�2�b �Q�7 �#�v�x���M�i�B�M�2 �7���m�H�i�b�X �s�S���t�Q�b �(�e�9�)�- �i�?�2 �7�B�`�b�i �T�`�Q�i�Q�+�Q�H �i�Q �B�K�T�H�2�K�2�M�i
�i�?�2 �s�6�h �K�Q�/�2�H�- �+���M �i�Q�H�2�`���i�2t �#�v�x���M�i�B�M�2 �7���B�H�m�`�2�b �B�M ��2t + 1 �b�v�b�i�2�K ���M�/ �T�`�Q�p�B�/�2 �� �`�2�b�B�H�B�2�M�i
�b�2�`�p�B�+�2 ���b �H�Q�M�; ���b �� �K���D�Q�`�B�i�v �Q�7 �`�2�T�H�B�+���b ���`�2 �+�Q�`�`�2�+�i ���M�/ �+�Q�K�K�m�M�B�+���i�2 �b�v�M�+�?�`�Q�M�Q�m�b�H�v�X ���b �i�?�2
���m�i�?�Q�`�b �T�Q�B�M�i �Q�m�i�- �s�6�h �B�b �b�m�B�i���#�H�2 �B�M �;�2�Q�;�`���T�?�B�+���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �b�v�b�i�2�K�b�- �r�?�2�`�2 ���M ���/�p�2�`�b���`�v



�k�y �*�?���T�i�2�` �j�X �_�2�H���i�2�/ �q�Q�`�F ���M�/ �a�v�b�i�2�K �J�Q�/�2�H

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

�j�X�R�X�9 �*�6�h�@�i�Q�@�"�6�h �h�`���M�b�7�Q�`�K���i�B�Q�M

�q�2 ���`�2 �M�Q�i �i�?�2 �7�B�`�b�i �i�Q �T�`�2�b�2�M�i �� �i�2�+�?�M�B�[�m�2 �7�Q�` �i�`���M�b�7�Q�`�K�B�M�; �*�6�h �T�`�Q�i�Q�+�Q�H�b �B�M�i�Q �"�6�h �T�`�Q�@
�i�Q�+�Q�H�b�X �L�v�b�B���/ �(�9�e�) �i�`���M�b�H���i�2�b �#�v�x���M�i�B�M�2 �7���m�H�i�b �B�M�i�Q �+�`���b�? �7���m�H�i�b �#�v ���/�/�B�M�; ���/�/�B�i�B�Q�M���H �M�Q�/�2�b�-
�+���H�H�2�/�;�m��� �̀/�b�- �r�?�B�+�? �/�2�i�2�+�i ���M�/ �T�`�2�p�2�M�i �#�v�x���M�i�B�M�2 �#�2�?���p�B�Q�`�X �1���+�? �M�Q�/�2 �`�2�[�m�B�`�2�b ���i �H�2���b�i
3f + 1 �;�m���`�/�b �i�Q �i�Q�H�2�`���i�2f �#�v�x���M�i�B�M�2 �7���B�H�m�`�2�b�X �A�M �+�Q�M�i�`���b�i�- �i�?�2�"�m�K�#�H�2�#�2�2���T�T�`�Q���+�? �`�2�@
�[�m�B�`�2�b �Q�M�H�v2f +1 �`�2�T�H�B�+���b�X �6�m�`�i�?�2�`�K�Q�`�2�- �(�9�e�) �m�b�2�b �� �+�Q�K�T�H�2�t ���i�i�2�b�i���i�B�Q�M �K�2�+�?���M�B�b�K �i�Q �p�2�`�B�7�v
�i�?�2 �B�M�i�2�;�`�B�i�v �Q�7 �b�2�M�i �K�2�b�b���;�2�b�X �h�?�2 �m�b�2 �Q�7 �i�?�2 �i�`�m�b�i�2�/ �+�Q�K�T�Q�M�2�M�i �B�M�"�m�K�#�H�2�#�2�2�;�`�2���i�H�v
�b�B�K�T�H�B�7�B�2�b �K�2�b�b���;�2 ���i�i�2�b�i���i�B�Q�M�b ���M�/ �T�`�2�p�2�M�i�b �2�[�m�B�p�Q�+���i�B�Q�M�X

�A�M �(�8�3�)�- �G���K�T�Q�`�i �T�`�2�b�2�M�i�2�/ �� �i�`���M�b�7�Q�`�K���i�B�Q�M �Q�7 �i�?�2 �S���t�Q�b �T�`�Q�i�Q�+�Q�H �i�Q �i�Q�H�2�`���i�2 �#�v�x���M�i�B�M�2
�7���m�H�i�b �#�v ���/�/�B�M�;f ���/�/�B�i�B�Q�M���H �`�2�T�H�B�+���b ���M�/ �K�Q�/�B�7�v�B�M�; �#�Q�i�? �T�?���b�2�b �Q�7 �i�?�2 �T�`�Q�i�Q�+�Q�H�X �h�?�2 �`�2�@
�b�m�H�i�B�M�; �T�`�Q�i�Q�+�Q�H �r���b �p�2�`�v �b�B�K�B�H���` �i�Q �S�"�6�h �(�j�y�-�j�R�)�- �r�B�i�? �?�B�;�? �Q�p�2�`�?�2���/�b �i�?���M �*�6�h �T�`�Q�i�Q�+�Q�H�b�X
�A�M �+�Q�M�i�`���b�i�- �Q�m�` �B�M�i�2�M�i �B�b �i�Q ���+�?�B�2�p�2 �;�`�2���i�2�` �7���m�H�i �i�Q�H�2�`���M�+�2 �B�M �2�t�B�b�i�B�M�; �*�6�h �T�`�Q�i�Q�+�Q�H�b�- �r�B�i�?�@
�Q�m�i �i�?�2 �M�2�2�/ �7�Q�` ���/�/�B�i�B�Q�M���H �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b ���M�/ �K�2�b�b���;�2 �2�t�+�?���M�;�2�b�- �i�?�2�`�2�#�v �`�2�/�m�+�B�M�;
�Q�p�2�`�?�2���/�b ���M�/ ���H�b�Q ���+�?�B�2�p�B�M�; �?�B�;�? �T�2�`�7�Q�`�K���M�+�2�X

�j�X�R�X�8 �G�2���/�2�`�H�2�b�b �*�Q�M�b�2�M�b�m�b

�G�2���/�2�`�H�2�b�b ���M�/ �K�m�H�i�B�@�H�2���/�2�` �T�`�Q�i�Q�+�Q�H�b �(�k�y�-�e�8�-�d�j�-�d�3�) �?���p�2 �#�2�2�M �T�`�Q�T�Q�b�2�/ �7�Q�` �i�?�2 �*�6�h �K�Q�/�2�H�X

�1�S���t�Q�b �(�d�k�) �B�b �� �K�m�H�i�B�@�H�2���/�2�` �+�Q�M�b�2�M�b�m�b �T�`�Q�i�Q�+�Q�H �i�?���i�- �m�M�H�B�F�2 �J�2�M�+�B�m�b�- �2�t�?�B�#�B�i�b �?�B�;�? ���p���B�H�@
���#�B�H�B�i�v �/�2�b�T�B�i�2 �`�2�T�H�B�+�� �+�`���b�?�2�b ���b �H�Q�M�; ���b �� �K���D�Q�`�B�i�v �Q�7 �i�?�2 �M�Q�/�2�b ���`�2 �m�T ���M�/ �`�m�M�M�B�M�;�X �h�?�2
�T�`�Q�i�Q�+�Q�H �r�Q�`�F�b �B�M �i�r�Q �T�?���b�2�b�, �� �7���b�i �T�?���b�2 �i�?���i �B�b �`�2���+�?�2�/ �m�M�/�2�` �M�Q �+�Q�M�i�2�M�i�B�Q�M ���M�/ ���M ���/�/�B�@
�i�B�Q�M���H �b�H�Q�r �T�?���b�2 �i�?���i �B�b �`�2�[�m�B�`�2�/ �m�M�/�2�` �+�Q�M�i�2�M�i�B�Q�M�X �*�Q�M�i�2�M�i�B�Q�M �B�b �/�2�7�B�M�2�/ ���b �i�?�2 �T�2�`�+�2�M�i���;�2
�Q�7 �`�2�[�m�2�b�i�b �i�?���i �+�Q�M�i�2�M�/ �7�Q�` �U�Q�` ���+�+�2�b�b�V �i�?�2 �b���K�2 �b�2�i �Q�7 �Q�#�D�2�+�i�b ���i �i�?�2 �b���K�2 �i�B�K�2�X �A�M �1�S���t�Q�b�-
�i�?�2 �Q�`�/�2�`�B�M�; �B�b �/�2�i���+�?�2�/ �7�`�Q�K �i�?�2 �+�Q�K�K���M�/ �2�t�2�+�m�i�B�Q�M�X �h�?�2�`�2 �B�b �� �b�2�T���`���i�2 �;�`���T�?�@�#���b�2�/
�/�2�T�2�M�/�2�M�+�v �H�B�M�2���`�B�x���i�B�Q�M �K�2�+�?���M�B�b�K �i�?���i �B�b ���/���T�i�2�/ �i�Q �/�2�7�B�M�2 �i�?�2 �7�B�M���H �Q�`�/�2�` �Q�7 �2�t�2�+�m�i�B�Q�M �Q�7
�+�Q�K�K���M�/�b�X ���b �b�Q�Q�M ���b �� �+�Q�K�K���M�/c �B�b �+�Q�K�K�B�i�i�2�/�- �2�p�2�`�v �`�2�T�H�B�+�� �#�m�B�H�/�b �� �/�2�T�2�M�/�2�M�+�v �;�`���T�?
�#�v ���/�/�B�M�;c ���M�/ �B�i�b �/�2�T�2�M�/�2�M�+�B�2�b�X �h�?�2 �M�2�t�i �b�i�2�T �B�b �7�B�M�/�B�M�; �i�?�2 �b�i�`�Q�M�;�H�v �+�Q�M�M�2�+�i�2�/ �+�Q�K�T�Q�@
�M�2�M�i�b ���M�/ �b�Q�`�i�B�M�; �i�?�2�K �B�M �`�2�p�2�`�b�2 �i�Q�T�Q�H�Q�;�B�+���H �Q�`�/�2�`�X �P�M�+�2 �i�?�2 �+�Q�K�K���M�/�b �B�M �2���+�? �b�i�`�Q�M�;�H�v
�+�Q�M�M�2�+�i�2�/ �+�Q�K�T�Q�M�2�M�i�b ���`�2 �b�Q�`�i�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2�B�` �b�2�[�m�2�M�+�2 �M�m�K�#�2�`seq�- �i�?�2�v ���`�2 �2�t�2�+�m�i�2�/
�Q�M�2 �#�v �Q�M�2�X

�a�B�K�B�H���`�H�v�- �*���2�b���` ���H�b�Q �r�Q�`�F�b �B�M �i�r�Q �T�?���b�2�b ���M�/ �m�b�2�b �� �/�2�T�2�M�/�2�M�+�v �+�Q�H�H�2�+�i�B�Q�M �K�2�+�?���M�B�b�K
�b�B�K�B�H���` �i�Q �1�S���t�Q�b�- �#�m�i ���p�Q�B�/�b �i�?�2 �2�t�T�2�M�b�B�p�2 �;�`���T�? �T�`�Q�+�2�b�b�B�M�; �T�?���b�2 �#�v �B�M�+�Q�`�T�Q�`���i�B�M�; �i�?�2
�H�B�M�2���`�B�x���i�B�Q�M �T�?���b�2 �r�B�i�?�B�M �i�?�2 �T�`�Q�i�Q�+�Q�H�ö�b �+�`�B�i�B�+���H �T���i�?�- ���H�H �r�B�i�?�Q�m�i �B�M�+�m�`�`�B�M�; ���M�v ���/�/�B�i�B�Q�M���H
�Q�p�2�`�?�2���/�X �J�Q�`�2�Q�p�2�`�- �2�p�2�M �m�M�/�2�` �+�Q�M�i�2�M�i�B�Q�M�- �*���2�b���`�ö�b �M�Q�p�2�H �7���b�i �/�2�+�B�b�B�Q�M �b�+�?�2�K�2 �B�b �Q�T�i�B�K�B�x�2�/



�j�X�k�X �a�v�b�i�2�K �J�Q�/�2�H �k�R

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

���H�p�B�M �(�3�R�) �B�b ���H�b�Q �� �K�m�H�i�B�@�H�2���/�2�` �+�Q�M�b�2�M�b�m�b �T�`�Q�i�Q�+�Q�H �b�B�K�B�H���` �i�Q �1�S���t�Q�b�- �#�m�i�- �m�M�H�B�F�2 �1�S���t�Q�b�-
�B�i �B�b ���#�H�2 �i�Q ���p�Q�B�/ �i�?�2 �2�t�T�2�M�b�B�p�2 �+�Q�K�T�m�i���i�B�Q�M �Q�M �i�?�2 �/�2�T�2�M�/�2�M�+�v �;�`���T�?�b �2�M�7�Q�`�+�2�/ �#�v �1�S���t�Q�b
�p�B�� �� �/�2�+�B�b�B�Q�M �b�H�Q�i�@�+�2�M�i�`�B�+ ���T�T�`�Q���+�?�¨ �H���J�2�M�+�B�m�b�X ���H�p�B�M �/�2�+�B�/�2�b �i�?�2 �Q�`�/�2�` �Q�7 �� �`�2�[�m�2�b�i
���7�i�2�` �i�r�Q �+�Q�K�K�m�M�B�+���i�B�Q�M �/�2�H���v�b �m�M�/�2�` �M�Q �+�Q�M�7�H�B�+�i�b�X �>�Q�r�2�p�2�`�- �B�i �b�i�B�H�H �b�m�7�7�2�`�b �7�`�Q�K �i�?�2 �b���K�2
�p�m�H�M�2�`���#�B�H�B�i�v �i�Q �+�Q�M�7�H�B�+�i�b �Q�7 �1�S���t�Q�b�, �� �+�Q�K�K���M�/�ö�b �H�2���/�2�` �B�b �M�Q�i ���#�H�2 �i�Q �/�2�+�B�/�2 �i�?�2 �+�Q�K�K���M�/
�Q�M �� �7���b�i �T���i�? �B�7 �B�i �Q�#�b�2�`�p�2�b �/�B�b�+�Q�`�/���M�i �Q�T�B�M�B�Q�M�b ���#�Q�m�i �i�?�2 �+�Q�K�K���M�/ �7�`�Q�K �� �[�m�Q�`�m�K �Q�7 �M�Q�/�2�b�-
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�B�b�- �B�7 �i�?�2�`�2 �2�t�B�b�i�b �� �b�2�[�m�2�M�+�2 �Q�7 �+�Q�K�K���M�/�b� �b�m�+�? �i�?���i �i�?�2 �b�2�`�B���H �2�t�2�+�m�i�B�Q�M �Q�7� ; L0; L1 �B�b
�M�Q�i �2�[�m�B�p���H�2�M�i �i�Q� ; L1; L0�- �i�?�2�ML0 ���M�/L1 ���`�2 �B�M�i�2�`�7�2�`�B�M�;�X

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



�9�X�k�X �S�`�2�H�B�K�B�M���`�B�2�b �k�8

�h�?�m�b�-�2�x�"�6�h�ö�b �`�Q�H�2 �B�b �M�Q�i �Q�M�H�v �i�Q �`�2���+�? �+�Q�M�b�2�M�b�m�b �Q�M �i�?�2 �K���T�T�B�M�; �Q�7 �+�H�B�2�M�i�@�+�Q�K�K���M�/�b �i�Q
�i�?�2 �b�H�Q�i�b �r�B�i�?�B�M ���M �B�M�b�i���M�+�2 �b�T���+�2�- �#�m�i ���H�b�Q ���K�Q�M�; �i�?�2 �b�H�Q�i�b �B�M �/�B�7�7�2�`�2�M�i �B�M�b�i���M�+�2 �b�T���+�2�b�X

�@�A�M�b�i���M�+�2 �L�m�K�#�2�`���M �B�M�b�i���M�+�2 �M�m�K�#�2�`�- �/�2�M�Q�i�2�/I �- �B�b �� �i�m�T�H�2 �Q�7 �i�?�2 �B�M�b�i���M�+�2 �b�T���+�2 �U�Q�`
�`�2�T�H�B�+���V �B�/�2�M�i�B�7�B�2�` ���M�/ �� �b�H�Q�i �B�/�2�M�i�B�7�B�2�`�X

�@�A�M�b�i���M�+�2 �P�r�M�2�`�b���M �Q�r�M�2�` �M�m�K�#�2�`�-O�- �B�b �� �K�Q�M�Q�i�Q�M�B�+���H�H�v �B�M�+�`�2���b�B�M�; �M�m�K�#�2�` �i�?���i �B�b
�m�b�2�/ �i�Q �B�/�2�M�i�B�7�v �i�?�2 �Q�r�M�2�` �Q�7 ���M �B�M�b�i���M�+�2 �b�T���+�2�X �h�?�m�b�- �i�?�2�`�2 ���`�2 ���b �K���M�v �Q�r�M�2�` �M�m�K�#�2�`�b
���b �i�?�2�`�2 ���`�2 �B�M�b�i���M�+�2 �b�T���+�2�b �U�Q�` �`�2�T�H�B�+���b�V�X �h�?�B�b �M�m�K�#�2�` �#�2�+�Q�K�2�b �m�b�2�7�m�H �r�?�2�M �� �`�2�T�H�B�+�� �B�b
�7���m�H�i�v�- ���M�/ �B�i�b �+�Q�K�K���M�/�b �K�m�b�i �#�2 �`�2�+�Q�p�2�`�2�/ �#�v �Q�i�?�2�` �`�2�T�H�B�+���b�X �q�?�2�M �`�2�T�H�B�+���b �7���B�H�- ���M�Q�i�?�2�`
�+�Q�`�`�2�+�i �`�2�T�H�B�+�� �b�i�2�T�b �m�T �i�Q �i���F�2 �Q�r�M�2�`�b�?�B�T �Q�7 �i�?�2 �7���m�H�i�v �`�2�T�H�B�+���ö�b �B�M�b�i���M�+�2 �b�T���+�2�X �h�?�2 �Q�r�M�2�`
�Q�7 �� �`�2�T�H�B�+��R0�ö�b �B�M�b�i���M�+�2 �b�T���+�2 �+���M �#�2 �B�/�2�M�i�B�7�B�2�/ �7�`�Q�K �B�i�b �Q�r�M�2�` �M�m�K�#�2�` �m�b�B�M�; �i�?�2 �7�Q�`�K�m�H��
OR0 �K�Q�/N �- �r�?�2�`�2N �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�T�H�B�+���b�X �A�M�B�i�B���H�H�v�- �i�?�2 �Q�r�M�2�` �M�m�K�#�2�` �Q�7 �2���+�?
�B�M�b�i���M�+�2 �b�T���+�2 �B�b �b�2�i �i�Q �i�?�2 �Q�r�M�2�` �`�2�T�H�B�+���ö�b �B�/�2�M�i�B�7�B�2�` �U�2�X�;�X�-OR0 = 0�-OR1 = 1�- ���M�/ �b�Q �Q�M�V�X

�@�.�2�T�2�M�/�2�M�+�B�2�b�.�m�2 �i�Q �i�?�2 �m�b�2 �Q�7 �T�2�`�@�`�2�T�H�B�+�� �B�M�b�i���M�+�2 �b�T���+�2�b�- �i�?�2 �T�`�Q�i�Q�+�Q�H �K�m�b�i ���;�`�2�2
�Q�M �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�?�2 �b�H�Q�i�b �Q�7 �/�B�7�7�2�`�2�M�i �B�M�b�i���M�+�2�b �b�T���+�2�b�X�2�x�"�6�h�/�Q�2�b �i�?�B�b �p�B��
�/�2�T�2�M�/�2�M�+�v �+�Q�H�H�2�+�i�B�Q�M�- �r�?�B�+�? �m�b�2�b �i�?�2 �+�Q�K�K���M�/ �B�M�i�2�`�7�2�`�2�M�+�2 �`�2�H���i�B�Q�M�X �h�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i
D �7�Q�` �+�Q�K�K���M�/L �B�b �2�p�2�`�v �Q�i�?�2�` �+�Q�K�K���M�/L0 �i�?���i �B�M�i�2�`�7�2�`�2�b �r�B�i�?L�X

�@�a�2�[�m�2�M�+�2 �L�m�K�#�2�` �US�V�B�b �� �;�H�Q�#���H�H�v �b�?���`�2�/ �M�m�K�#�2�` �i�?���i �B�b �m�b�2�/ �i�Q �#�`�2���F �+�v�+�H�2�b �B�M
�/�2�T�2�M�/�2�M�+�B�2�b�X �A�i �b�i���`�i�b �7�`�Q�K �Q�M�2 ���M�/ �B�b ���H�r���v�b �b�2�i �i�Q �#�2 �H���`�;�2�` �i�?���M ���H�H �i�?�2 �b�2�[�m�2�M�+�2
�M�m�K�#�2�`�b �Q�7 �i�?�2 �B�M�i�2�`�7�2�`�B�M�; �+�Q�K�K���M�/�b�X �.�m�2 �i�Q �+�Q�M�+�m�`�`�2�M�+�v�- �B�i �B�b �T�Q�b�b�B�#�H�2 �i�?���i �B�M�i�2�`�7�2�`�B�M�;
�+�Q�K�K���M�/�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K �/�B�7�7�2�`�2�M�i �+�Q�K�K���M�/�@�H�2���/�2�`�b ���`�2 ���b�b�B�;�M�2�/ �i�?�2 �b���K�2 �b�2�[�m�2�M�+�2
�M�m�K�#�2�`�X �A�M �b�m�+�? �+���b�2�b�- �i�?�2 �`�2�T�H�B�+�� �B�/�2�M�i�B�7�B�2�`�b ���`�2 �m�b�2�/ �i�Q �#�`�2���F �i�B�2�b�X

�S�`�Q�i�Q�+�Q�H �S�`�Q�T�2�`�i�B�2�b

�2�x�"�6�h�?���b �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�Q�T�2�`�i�B�2�b�,

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

�k�X�a�i���#�B�H�B�i�v�X�6�Q�` ���M�v �`�2�T�H�B�+���- �i�?�2 �b�2�i �Q�7 �+�Q�K�K�B�i�i�2�/ �`�2�[�m�2�b�i�b ���i ���M�v �i�B�K�2 �B�b �� �b�m�#�b�2�i �Q�7
�i�?�2 �+�Q�K�K�B�i�i�2�/ �`�2�[�m�2�b�i�b ���i ���M�v �H���i�2�` �i�B�K�2�X �A�7 ���i �i�B�K�2t1�- �� �`�2�T�H�B�+��Ri �?���b �� �`�2�[�m�2�b�i
L �+�Q�K�K�B�i�i�2�/ ���i �b�Q�K�2 �B�M�b�i���M�+�2I L �- �i�?�2�MRi �r�B�H�H �?���p�2L �+�Q�K�K�B�i�i�2�/ �B�MI L ���i ���M�v �H���i�2�`
�i�B�K�2t2 > t 1�X

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

�9�X�G�B�p�2�M�2�b�b�X�_�2�[�m�2�b�i�b �r�B�H�H �2�p�2�M�i�m���H�H�v �#�2 �+�Q�K�K�B�i�i�2�/ �#�v �2�p�2�`�v �M�Q�M�@�7���m�H�i�v �`�2�T�H�B�+���- ���b �H�Q�M�;
���b ���i �H�2���b�i2f + 1 �`�2�T�H�B�+���b ���`�2 �+�Q�`�`�2�+�i�X



�k�e �*�?���T�i�2�` �9�X �2�x�"�6�h

�9�X�j �.�2�b�B�;�M

�A�M �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �T�`�2�b�2�M�i�2�x�"�6�h�B�M �/�2�i���B�H�- ���H�Q�M�; �r�B�i�? ���M �B�M�7�Q�`�K���H �T�`�Q�Q�7 �Q�7 �B�i�b �T�`�Q�T�2�`�i�B�2�b�X
�q�2 �?���p�2 ���H�b�Q �/�2�p�2�H�Q�T�2�/ �� �h�G���Y �b�T�2�+�B�7�B�+���i�B�Q�M �Q�7�2�x�"�6�h���M�/ �K�Q�/�2�H�@�+�?�2�+�F�2�/ �i�?�2 �T�`�Q�i�Q�+�Q�H
�+�Q�`�`�2�+�i�M�2�b�b�c �i�?�B�b �+���M �#�2 �7�Q�m�M�/ �B�M �i�?�2 �i�2�+�?�M�B�+���H �`�2�T�Q�`�i �(�k�R�)�X

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

�9�X�j�X�R �h�?�2 �6���b�i �S���i�? �S�`�Q�i�Q�+�Q�H

�h�?�2 �7���b�i �T���i�? �+�Q�M�b�B�b�i�b �Q�7 �i�?�`�2�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b �B�M �i�?�2 �+�`�B�i�B�+���H �T���i�? ���M�/ �Q�M�2 �+�Q�K�K�m�M�B�@
�+���i�B�Q�M �b�i�2�T �B�M �i�?�2 �M�Q�M�@�+�`�B�i�B�+���H �T���i�? �Q�7 �i�?�2 �T�`�Q�i�Q�+�Q�H�X �P�M�H�v �i�?�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b �B�M �i�?�2
�+�`�B�i�B�+���H �T���i�? �+�Q�M�i�`�B�#�m�i�2 �i�Q �i�?�2 �+�H�B�2�M�i�@�b�B�/�2 �H���i�2�M�+�v�X �h�?�2 �7���b�i �T���i�? �r�Q�`�F�b ���b �7�Q�H�H�Q�r�b�X
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�b���;�2h�_�2�[�m�2�b�i; L; t; ci � c �i�Q ���2�x�"�6�h�`�2�T�H�B�+���X �h�?�2 �+�H�Q�b�2�b�i �`�2�T�H�B�+�� �K���v �#�2 �+�?�Q�b�2�M �i�Q ���+�?�B�2�p�2
�i�?�2 �Q�T�i�B�K���H �H���i�2�M�+�v�X �h�?�2 �+�H�B�2�M�i �B�M�+�H�m�/�2�b �� �i�B�K�2�b�i���K�Tt �i�Q �2�M�b�m�`�2 �2�t���+�i�H�v�@�Q�M�+�2 �2�t�2�+�m�i�B�Q�M�X

�k�X �_�2�T�H�B�+�� �`�2�+�2�B�p�2�b �� �`�2�[�m�2�b�i�- ���b�b�B�;�M�b ���M �B�M�b�i���M�+�2 �M�m�K�#�2�`�- �+�Q�H�H�2�+�i�b �/�2�T�2�M�/�2�M�+�B�2�b ���M�/
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�q�?�2�M �� �`�2�T�H�B�+��Ri �`�2�+�2�B�p�2�b �i�?�2 �K�2�b�b���;�2m = h�_�2�[�m�2�b�i; L; t; ci � c �- �B�i �#�2�+�Q�K�2�b �i�?�2 �+�Q�K�K���M�/�@
�H�2���/�2�` �7�Q�`L �X �A�i ���b�b�B�;�M�bc �i�Q �i�?�2 �H�Q�r�2�b�i ���p���B�H���#�H�2 �B�M�b�i���M�+�2 �M�m�K�#�2�`I L �B�M �B�i�b �B�M�b�i���M�+�2 �b�T���+�2 ���M�/
�+�Q�H�H�2�+�i�b �� �/�2�T�2�M�/�2�M�+�v �b�2�iD �m�b�B�M�; �i�?�2 �+�Q�K�K���M�/ �B�M�i�2�`�7�2�`�2�M�+�2 �`�2�H���i�B�Q�M �i�?���i �r���b �T�`�2�p�B�Q�m�b�H�v
�/�2�b�+�`�B�#�2�/�X �� �b�2�[�m�2�M�+�2 �M�m�K�#�2�`S ���b�b�B�;�M�2�/ �7�Q�`c �B�b �+���H�+�m�H���i�2�/ ���b �i�?�2 �K���t�B�K�m�K �Q�7 �b�2�[�m�2�M�+�2
�M�m�K�#�2�`�b �Q�7 ���H�H �+�Q�K�K���M�/�b �B�M �i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i�X �h�?�B�b �B�M�7�Q�`�K���i�B�Q�M �B�b �`�2�H���v�2�/ �i�Q ���H�H �Q�i�?�2�`
�`�2�T�H�B�+���b �B�M �� �K�2�b�b���;�2hh�a�T�2�+�P�`�/�2�`; ORi ; I L ; D; S; h; di � Ri ; mi �- �r�?�2�`�2d = H (m)�-h �B�b �i�?�2
�/�B�;�2�b�i �Q�7Ri �ö�b �B�M�b�i���M�+�2 �b�T���+�2�- ���M�/ORi �B�b �B�i�b �Q�r�M�2�` �M�m�K�#�2�`�X

�L�B�i�T�B�+�F�X �"�2�7�Q�`�2 �i���F�B�M�; �i�?�2 ���#�Q�p�2 ���+�i�B�Q�M�b�-Ri �2�M�b�m�`�2�b �i�?���i �i�?�2 �i�B�K�2�b�i���K�Tt > t c�- �r�?�2�`�2tc �B�b
�i�?�2 �?�B�;�?�2�b�i �i�B�K�2�@�b�i���K�T�2�/ �`�2�[�m�2�b�i �b�2�2�M �#�vRi �i�?�m�b �7���`�X �A�7 �M�Q�i�- �i�?�2 �K�2�b�b���;�2 �B�b �/�`�Q�T�T�2�/�X

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



�9�X�j�X �.�2�b�B�;�M �k�d

�q�?�2�M �`�2�T�H�B�+��Rj �`�2�+�2�B�p�2�b �� �K�2�b�b���;�2hh�a�T�2�+�P�`�/�2�`; ORi ; I L ; D; S; h; di � Ri ; mi �7�`�Q�K �`�2�T�H�B�+��
Ri �- �B�i �2�M�b�m�`�2�b �i�?���im �B�b �� �p���H�B�/�_�2�[�m�2�b�i�K�2�b�b���;�2 ���M�/ �i�?���iI L = maxI Ri + 1�- �r�?�2�`�2maxI Ri

�B�b �i�?�2 �H���`�;�2�b�i �Q�+�+�m�T�B�2�/ �b�H�Q�i �M�m�K�#�2�` �B�MRi �ö�b �B�M�b�i���M�+�2 �b�T���+�2�X �l�T�Q�M �b�m�+�+�2�b�b�7�m�H �p���H�B�/���i�B�Q�M�-Rj

�m�T�/���i�2�b �i�?�2 �/�2�T�2�M�/�2�M�+�B�2�b ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` ���+�+�Q�`�/�B�M�; �i�Q �B�i�b �H�Q�;�- �b�T�2�+�m�H���i�B�p�2�H�v �2�t�2�+�m�i�2�b
�i�?�2 �+�Q�K�K���M�/�- ���M�/ �`�2�T�H�B�2�b �#���+�F �i�Q �i�?�2 �+�H�B�2�M�i�X �� �`�2�T�H�v �i�Q �i�?�2 �+�H�B�2�M�i �+�Q�M�b�B�b�i�b �Q�7 �� �K�2�b�b���;�2
hh�a�T�2�+�_�2�T�H�v; ORi ; I L ; D0; S0; d; c; ti � Ri ; Rj ; rep; SOi �- �r�?�2�`�2rep �B�b �i�?�2 �`�2�b�m�H�i�- ���M�/SO =
h�a�T�2�+�P�`�/�2�`; ORi ; I L ; D; S; h; di � Ri �X

�9�X �h�?�2 �+�H�B�2�M�i �`�2�+�2�B�p�2�b �i�?�2 �b�T�2�+�m�H���i�B�p�2 �`�2�T�H�B�2�b ���M�/ �/�2�T�2�M�/�2�M�+�v �K�2�i���/���i���X

�h�?�2 �+�H�B�2�M�i �`�2�+�2�B�p�2�b �K�2�b�b���;�2�bhh�a�T�2�+�_�2�T�H�v; O; I L ; D0; S0; d; c; ti � Rk ; Rk ; rep; SOi �- �r�?�2�`�2Rk

�B�b �i�?�2 �b�2�M�/�B�M�; �`�2�T�H�B�+���X �h�?�2 �K�2�b�b���;�2�b �7�`�Q�K �/�B�7�7�2�`�2�M�i �`�2�T�H�B�+���b ���`�2 �b���B�/ �i�Q �K���i�+�? �B�7 �i�?�2�v �?���p�2
�B�/�2�M�i�B�+���HO�-I L �-D0�-S0�-c�-t�- ���M�/rep �7�B�2�H�/�b�X �h�?�2 �M�m�K�#�2�` �Q�7 �K���i�+�?�2�/ �`�2�b�T�Q�M�b�2�b �/�2�+�B�/�2�b �i�?�2
�7���b�i �T���i�? �Q�` �b�H�Q�r �T���i�? �/�2�+�B�b�B�Q�M �7�Q�` �+�Q�K�K���M�/L �X

�9�X�R �h�?�2 �+�H�B�2�M�i �`�2�+�2�B�p�2�b3f + 1 �K���i�+�?�B�M�; �`�2�b�T�Q�M�b�2�b�X

�h�?�2 �`�2�+�2�B�T�i �Q�73f + 1 �K���i�+�?�B�M�; �`�2�b�T�Q�M�b�2�b �7�`�Q�K �i�?�2 �`�2�T�H�B�+���b �+�Q�M�b�i�B�i�m�i�2�b �� �7���b�i �T���i�? �/�2�+�B�b�B�Q�M
�7�Q�` �+�Q�K�K���M�/L �X �h�?�B�b �?���T�T�2�M�b �B�M �i�?�2 ���#�b�2�M�+�2 �Q�7 �7���m�H�i�b�- �M�2�i�r�Q�`�F �T���`�i�B�i�B�Q�M�b�- ���M�/ �+�Q�M�i�2�M�i�B�Q�M�X
�h�?�2 �+�H�B�2�M�i �`�2�i�m�`�M�b �`�2�T�H�vrep �i�Q �i�?�2 ���T�T�H�B�+���i�B�Q�M ���M�/ �i�?�2�M ���b�v�M�+�?�`�Q�M�Q�m�b�H�v �b�2�M�/�b �� �K�2�b�b���;�2
h�*�Q�K�K�B�i�6���b�i; c; IL ; CCi �- �r�?�2�`�2CC �B�b �i�?�2 �+�Q�K�K�B�i �+�2�`�i�B�7�B�+���i�2 �+�Q�M�b�B�b�i�B�M�; �Q�73f +1 �K���i�+�?�B�M�;
�a�T�2�+�_�2�T�H�v�`�2�b�T�Q�M�b�2�b�- ���M�/ �`�2�i�m�`�M�b�X

�8�X �h�?�2 �`�2�T�H�B�+���b �`�2�+�2�B�p�2 �2�B�i�?�2�` ���*�Q�K�K�B�i�6���b�i�Q�` ���*�Q�K�K�B�i�K�2�b�b���;�2�X

�8�X�R �h�?�2 �`�2�T�H�B�+���b �`�2�+�2�B�p�2 ���*�Q�K�K�B�i�6���b�i�K�2�b�b���;�2�X

�l�T�Q�M �`�2�+�2�B�T�i �Q�7 ��h�*�Q�K�K�B�i�6���b�i; c; IL ; CCi �K�2�b�b���;�2�- �i�?�2 �`�2�T�H�B�+��Ri �K���`�F�b �i�?�2 �b�i���i�2 �Q�7L ���b
�+�Q�K�K�B�i�i�2�/ �B�M �B�i�b �H�Q�+���H �H�Q�; ���M�/ �2�M�[�m�2�m�2�b �i�?�2 �+�Q�K�K���M�/ �7�Q�` �7�B�M���H �2�t�2�+�m�i�B�Q�M�X �h�?�2 �`�2�T�H�B�+�� �/�Q�2�b
�M�Q�i �`�2�T�H�v �#���+�F �i�Q �i�?�2 �+�H�B�2�M�i�X

�1�t���K�T�H�2�X �6�B�;�m�`�2�9�X�R�b�?�Q�r�b ���M �2�t���K�T�H�2 �+���b�2�X �h�?�2 �+�H�B�2�M�i �b�2�M�/�b �� �b�B�;�M�2�/�_�2�[�m�2�b�i�K�2�b�b���;�2
�i�Q �`�2�T�H�B�+��R0 �i�Q �2�t�2�+�m�i�2 �� �+�Q�K�K���M�/L0 �Q�M �i�?�2 �`�2�T�H�B�+���i�2�/ �b�2�`�p�B�+�2�X �_�2�T�H�B�+��R0 ���b�b�B�;�M�b �i�?�2
�H�Q�r�2�b�i ���p���B�H���#�H�2 �B�M�b�i���M�+�2 �M�m�K�#�2�` �B�M �B�i�b �B�M�b�i���M�+�2 �b�T���+�2 �i�QL0�X ���b�b�m�K�B�M�; �i�?���i �M�Q �B�M�b�i���M�+�2
�M�m�K�#�2�` �r���b �m�b�2�/ �T�`�2�p�B�Q�m�b�H�v�- �i�?�2 �B�M�b�i���M�+�2 �M�m�K�#�2�` ���b�b�B�;�M�2�/ �i�QL0 �B�bI L 0 = hr0; 0i �X �h�?�2�M�-R0

�+�Q�H�H�2�+�i�b �/�2�T�2�M�/�2�M�+�B�2�b ���M�/ ���b�b�B�;�M�b �� �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �i�QL0�X ���b �i�?�2 �7�B�`�b�i �+�Q�K�K���M�/�- �i�?�2�`�2
�2�t�B�b�i�b �M�Q �/�2�T�2�M�/�2�M�+�B�2�b�- �b�Q �i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�iD = fg �X �h�?�m�b�- �i�?�2 �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �B�bS = 1�X

�� �b�B�;�M�2�/�a�T�2�+�P�`�/�2�`�K�2�b�b���;�2 �B�b �b�2�M�i �i�Q �Q�i�?�2�` �`�2�T�H�B�+���b �B�M �i�?�2 �b�v�b�i�2�K �r�B�i�? �i�?�2 �+�Q�K�K���M�/
���M�/ �+�Q�K�T�B�H�2�/ �K�2�i���/���i���X �P�i�?�2�` �`�2�T�H�B�+���b ��R1 �i�?�`�Q�m�;�?R3 �� �`�2�+�2�B�p�2 �i�?�B�b �K�2�b�b���;�2�- ���/�/ �i�?�2
�+�Q�K�K���M�/ �i�Q �i�?�2�B�` �H�Q�;�- ���M�/ �b�i���`�i ���K���b�b�B�M�; �/�2�T�2�M�/�2�M�+�B�2�b �7�`�Q�K �i�?�2�B�` �H�Q�; �i�?���i ���`�2 �M�Q�i �T�`�2�b�2�M�i �B�M
D�X �L�Q �Q�i�?�2�` �`�2�T�H�B�+�� �`�2�+�2�B�p�2�/ ���M�v �Q�i�?�2�` �+�Q�K�K���M�/�- �i�?�m�b �i�?�2�v �T�`�Q�/�m�+�2 ���M �2�K�T�i�v �/�2�T�2�M�/�2�M�+�v



�k�3 �*�?���T�i�2�` �9�X �2�x�"�6�h

�6�B�;�m�`�2 �9�X�R�, ���M �2�t���K�T�H�2 �Q�7 �� �7���b�i �T���i�? �2�t�2�+�m�i�B�Q�M�X

�b�2�i ���b �r�2�H�H�- ���M�/ �i�?�2 �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �`�2�K���B�M�b �i�?�2 �b���K�2�X �a�B�M�+�2 �i�?�2�`�2 ���`�2 �M�Q �/�2�T�2�M�/�2�M�+�B�2�b�- ���H�H
�`�2�T�H�B�+���b �B�K�K�2�/�B���i�2�H�v �2�t�2�+�m�i�2 �i�?�2 �+�Q�K�K���M�/�- �b�T�2�+�m�H���i�B�p�2�H�v�- �Q�M �i�?�2�B�` �+�Q�T�v �Q�7 �i�?�2 ���T�T�H�B�+���i�B�Q�M
�b�i���i�2�X �h�?�2 �`�2�b�m�H�i �Q�7 �2�t�2�+�m�i�B�Q�M�- �m�M�+�?���M�;�2�/ �/�2�T�2�M�/�2�M�+�v �b�2�i�- �b�2�[�m�2�M�+�2 �M�m�K�#�2�`�- ���M�/ �i�?�2 �/�B�;�2�b�i
�Q�7 �H�Q�; ���`�2 �b�2�M�i �B�M ���a�T�2�+�_�2�T�H�v�K�2�b�b���;�2 �i�Q �i�?�2 �+�H�B�2�M�i�X �h�?�2 �+�H�B�2�M�i �+�?�2�+�F�b �7�Q�` �B�/�2�M�i�B�+���H �`�2�T�H�B�2�b
���M�/ �`�2�i�m�`�M�b �i�?�2 �`�2�b�m�H�i �i�Q �i�?�2 ���T�T�H�B�+���i�B�Q�M�X �h�?�2 �`�2�T�H�B�2�b ���`�2 �B�/�2�M�i�B�+���H �B�M �i�?�B�b �+���b�2 �#�2�+���m�b�2 �M�Q
�Q�i�?�2�` �+�Q�K�K���M�/ �+�Q�M�7�H�B�+�i�b �r�B�i�?L0 �B�M ���M�v �Q�7 �i�?�2 �`�2�T�H�B�+���b ���M�/ �i�?�2 �`�2�T�H�B�+���b ���`�2 �#�2�M�B�;�M�X

�9�X�j�X�k �1�t�2�+�m�i�B�Q�M �S�`�Q�i�Q�+�Q�H

�2�x�"�6�h�m�b�2�b�b�T�2�+�m�H���i�B�p�2 �2�t�2�+�m�i�B�Q�M���b �� �K�2���M�b �i�Q �`�2�T�H�v �i�Q �i�?�2 �+�H�B�2�M�i �[�m�B�+�F�H�v�X �>�Q�r�2�p�2�`�- �i�?�2
�T�`�Q�i�Q�+�Q�H �K�m�b�i �2�M�b�m�`�2 �i�?���i �2�p�2�`�v �+�Q�`�`�2�+�i �`�2�T�H�B�+�� �?���b �B�/�2�M�i�B�+���H �+�Q�T�B�2�b �Q�7 �i�?�2 �b�i���i�2�X �h�?�B�b �K�2���M�b
�i�?���i�- �r�?�2�M �M�2�+�2�b�b���`�v �U���b �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M�9�X�j�X�j�V�- �i�?�2 �b�T�2�+�m�H���i�B�p�2 �b�i���i�2 �K�m�b�i �#�2 �`�Q�H�H�2�/
�#���+�F ���M�/ �i�?�2 �+�Q�K�K���M�/ �K�m�b�i �#�2 �`�2�@�2�t�2�+�m�i�2�/ �+�Q�`�`�2�+�i�H�v�c �i�?�B�b �B�b �+���H�H�2�/�7�B�M���H �2�t�2�+�m�i�B�Q�M�X

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

�1���+�? �`�2�T�H�B�+�� �i���F�2�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�i�2�T�b�,

�R�X�q���B�i�b �7�Q�` �i�?�2 �+�Q�K�K���M�/ �i�Q �#�2 �2�M�[�m�2�m�2�/ �7�Q�` �2�t�2�+�m�i�B�Q�M�X �6�Q�` �7�B�M���H �2�t�2�+�m�i�B�Q�M�- �r���B�i �7�Q�` �i�?�2
�/�2�T�2�M�/�2�M�+�B�2�b �i�Q �#�2 �+�Q�K�K�B�i�i�2�/ ���M�/ �2�M�[�m�2�m�2�/ �7�Q�` �7�B�M���H �2�t�2�+�m�i�B�Q�M ���b �r�2�H�H�X

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

�j�X�a�i�`�Q�M�;�H�v �+�Q�M�M�2�+�i�2�/ �+�Q�K�T�Q�M�2�M�i�b ���`�2 �B�/�2�M�i�B�7�B�2�/ ���M�/ �b�Q�`�i�2�/ �i�Q�T�Q�H�Q�;�B�+���H�H�v�X
�9�X�a�i���`�i�B�M�; �7�`�Q�K �i�?�2 �B�M�p�2�`�b�2 �i�Q�T�Q�H�Q�;�B�+���H �Q�`�/�2�`�- �2�p�2�`�v �b�i�`�Q�M�;�H�v �+�Q�M�M�2�+�i�2�/ �+�Q�K�T�Q�M�2�M�i �B�b

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



�9�X�j�X �.�2�b�B�;�M �k�N

�#�2�` �Q�`�/�2�`�X �h�?�2 �`�2�[�m�2�b�i�b ���`�2 �i�?�2�M �2�t�2�+�m�i�2�/ �B�M �i�?�2 �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �Q�`�/�2�`�- �#�`�2���F�B�M�;
�i�B�2�b �m�b�B�M�; �`�2�T�H�B�+�� �B�/�2�M�i�B�7�B�2�`�b�X �.�m�`�B�M�; �b�T�2�+�m�H���i�B�p�2 �2�t�2�+�m�i�B�Q�M�- �i�?�2 �2�t�2�+�m�i�B�Q�M �B�b �K���`�F�2�/
�b�T�2�+�m�H���i�B�p�2�Q�M �i�?�2 �b�?���`�2�/ �b�i���i�2�X �.�m�`�B�M�; �7�B�M���H �2�t�2�+�m�i�B�Q�M�- �i�?�2 �b�T�2�+�m�H���i�B�p�2 �`�2�b�m�H�i�b ���`�2
�B�M�p���H�B�/���i�2�/�- �+�Q�K�K���M�/ �`�2�@�2�t�2�+�m�i�2�/�- ���M�/ �K���`�F�2�/�7�B�M���H�X

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

�9�X�j�X�j �h�?�2 �a�H�Q�r �S���i�? �S�`�Q�i�Q�+�Q�H

�h�?�2 �b�H�Q�r �T���i�? �B�b �i�`�B�;�;�2�`�2�/ �r�?�2�M�2�p�2�` �� �+�H�B�2�M�i �`�2�+�2�B�p�2�b �2�B�i�?�2�` �m�M�2�[�m���H ���M�/�f�Q�` �B�M�b�m�7�7�B�+�B�2�M�i
�a�T�2�+�_�2�T�H�v�K�2�b�b���;�2�b �i�?���i �B�b �M�2�+�2�b�b���`�v �i�Q �;�m���`���M�i�2�2 �� �7���b�i �T���i�?�X �h�?�2 �+�H�B�2�M�i �r�B�H�H �`�2�+�2�B�p�2
�m�M�2�[�m���H �`�2�T�H�B�2�b �B�7 �i�?�2 �`�2�T�H�B�+���b �?���p�2 �/�B�7�7�2�`�2�M�i �T�2�`�b�T�2�+�i�B�p�2�b �Q�7 �i�?�2 �+�Q�K�K���M�/ �/�2�T�2�M�/�2�M�+�B�2�b�- �T�Q�b�@
�b�B�#�H�v �/�m�2 �i�Q �+�Q�M�i�2�M�i�B�Q�M �Q�` �/�m�2 �i�Q �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �#�v�x���M�i�B�M�2 �`�2�T�H�B�+���b�X �h�?�2 �+���b�2 �Q�7 �B�M�b�m�7�7�B�+�B�2�M�i
�`�2�T�H�B�2�b �?���T�T�2�M �/�m�2 �i�Q �M�2�i�r�Q�`�F �T���`�i�B�i�B�Q�M�b �Q�` �#�v�x���M�i�B�M�2 �`�2�T�H�B�+���b�X

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

�9�X�k �h�?�2 �+�H�B�2�M�i �`�2�+�2�B�p�2�b ���i �H�2���b�i2f + 1 �T�Q�b�b�B�#�H�v �m�M�2�[�m���H �`�2�b�T�Q�M�b�2�b�X

�h�?�2 �+�H�B�2�M�ic �b�2�i�b �� �i�B�K�2�` ���b �b�Q�Q�M ���b ���_�2�[�m�2�b�i�B�b �B�b�b�m�2�/�X �q�?�2�M �i�?�2 �i�B�K�2�` �2�t�T�B�`�2�b�- �B�7c
�?���b �`�2�+�2�B�p�2�/ ���i �H�2���b�i2f + 1 hh�a�T�2�+�_�2�T�H�v; ORi ; I L ; D; S; d; c; ti � Ri ; Rj ; rep; SOi �K�2�b�b���;�2�b�- �B�i
�T�`�Q�/�m�+�2�b �i�?�2 �7�B�M���H �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �7�Q�`L �X �h�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i�b �7�`�Q�K ��
�F�M�Q�r�M �b�2�i �Q�72f +1 �`�2�T�H�B�+���b ���`�2 �+�Q�K�#�B�M�2�/ �i�Q �7�Q�`�KD0�X �� �M�2�r �b�2�[�m�2�M�+�2 �M�m�K�#�2�`S0 �B�b �;�2�M�2�`���i�2�/
�B�7 �i�?�2 �B�M�/�B�p�B�/�m���H �/�2�T�2�M�/�2�M�+�v �b�2�i�b �r�2�`�2 �M�Q�i �2�[�m���H�Xc �b�2�M�/�b ��h�*�Q�K�K�B�i; c; IL ; D0; S0; CCi � c

�K�2�b�b���;�2 �i�Q ���H�H �i�?�2 �`�2�T�H�B�+���b�- �r�?�2�`�2CC �B�b �i�?�2 �+�Q�K�K�B�i �+�2�`�i�B�7�B�+���i�2 �+�Q�M�i���B�M�B�M�;2f +1 �a�T�2�+�_�2�T�H�v
�K�2�b�b���;�2�b �i�?���i ���`�2 �m�b�2�/ �i�Q �T�`�Q�/�m�+�2 �i�?�2 �7�B�M���H �/�2�T�2�M�/�2�M�+�v �b�2�i�X

�L�B�i�T�B�+�F�X �1���+�? �+�Q�K�K���M�/�@�H�2���/�2�` �b�T�2�+�B�7�B�2�b �� �F�M�Q�r�M �b�2�i �Q�72f +1 �`�2�T�H�B�+���b �i�?���i �r�B�H�H �7�Q�`�K �i�?�2 �b�H�Q�r
�T���i�? �[�m�Q�`�m�K�- �r�?�B�+�? �B�b �m�b�2�/ �#�v �i�?�2 �+�H�B�2�M�i �i�Q �+�Q�K�#�B�M�2 �/�2�T�2�M�/�2�M�+�B�2�b �r�?�2�M �K�Q�`�2 �i�?���M2f + 1
�`�2�T�H�v �K�2�b�b���;�2�b ���`�2 �`�2�+�2�B�p�2�/�X �h�?�B�b �B�M�7�Q�`�K���i�B�Q�M �B�b �`�2�H���v�2�/ �i�Q �i�?�2 �+�H�B�2�M�i�b �#�v �i�?�2 �`�2�b�T�2�+�i�B�p�2
�+�Q�K�K���M�/�@�H�2���/�2�`�b ���M�/ �B�b �+���+�?�2�/ ���i �i�?�2 �+�H�B�2�M�i�b�X

�8�X�k �h�?�2 �`�2�T�H�B�+���b �`�2�+�2�B�p�2 ���*�Q�K�K�B�i�K�2�b�b���;�2�X

�l�T�Q�M �`�2�+�2�B�T�i �Q�7 ��h�*�Q�K�K�B�i; c; IL ; D0; S0; CCi � c �K�2�b�b���;�2�- �`�2�T�H�B�+��r �m�T�/���i�2�b �+�Q�K�K���M�/L �ö�b
�K�2�i���/���i�� �r�B�i�? �i�?�2 �`�2�+�2�B�p�2�/ �/�2�T�2�M�/�2�M�+�v �b�2�iD0 ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�`S0�X �h�?�2 �b�i���i�2 �T�`�Q�/�m�+�2�/
���7�i�2�` �i�?�2 �b�T�2�+�m�H���i�B�p�2 �2�t�2�+�m�i�B�Q�M �Q�7L �B�b �B�M�p���H�B�/���i�2�/�- ���M�/L �B�b �2�M�[�m�2�m�2�/ �7�Q�` �7�B�M���H �2�t�2�+�m�i�B�Q�M�X
�h�?�2 �`�2�b�m�H�i �Q�7 �7�B�M���H �2�t�2�+�m�i�B�Q�M�-rep �B�b �b�2�M�i �#���+�F �i�Q �i�?�2 �+�H�B�2�M�i �B�M ��h�*�Q�K�K�B�i�_�2�T�H�v; L; repi
�K�2�b�b���;�2�X

�e�X�k �h�?�2 �+�H�B�2�M�i �`�2�+�2�B�p�2�b2f + 1 �*�Q�K�K�B�i�_�2�T�H�v�K�2�b�b���;�2�b ���M�/ �`�2�i�m�`�M�b �i�Q �i�?�2 ���T�T�H�B�+���i�B�Q�M�X



�j�y �*�?���T�i�2�` �9�X �2�x�"�6�h

�h�?�2 �+�H�B�2�M�i �`�2�i�m�`�M�brep �i�Q �i�?�2 ���T�T�H�B�+���i�B�Q�M �m�T�Q�M �`�2�+�2�B�T�i �Q�72f + 1 h�*�Q�K�K�B�i�_�2�T�H�v; L; repi
�K�2�b�b���;�2�b�X ���i �i�?�B�b �T�Q�B�M�i�- �2�t�2�+�m�i�B�Q�M �Q�7 �+�Q�K�K���M�/L �B�b �;�m���`���M�i�2�2�/ �i�Q �#�2 �b���7�2 �B�M �i�?�2 �b�v�b�i�2�K�-
�r�?�B�H�2 �i�Q�H�2�`���i�B�M�; �m�T�i�Qf �#�v�x���M�i�B�M�2 �7���B�H�m�`�2�b�X �J�Q�`�2�Q�p�2�`�- �2�p�2�M ���7�i�2�` �`�2�+�Q�p�2�`�B�M�; �7�`�Q�K �7���B�H�m�`�2�b�- ���H�H
�+�Q�`�`�2�+�i �`�2�T�H�B�+���b �r�B�H�H ���H�r���v�b �2�t�2�+�m�i�2L ���i �i�?�B�b �b���K�2 �T�Q�B�M�i �B�M �i�?�2�B�` �?�B�b�i�Q�`�v �i�Q �T�`�Q�/�m�+�2 �i�?�2 �b���K�2
�`�2�b�m�H�i�X

�1�t���K�T�H�2

�6�B�;�m�`�2�9�X�k�b�?�Q�r�b ���M �2�t���K�T�H�2 �Q�7 �� �b�H�Q�r �T���i�?�X �h�r�Q �+�H�B�2�M�i�bc0 ���M�/c1 �b�2�M�/ �b�B�;�M�2�/�_�2�[�m�2�b�i
�K�2�b�b���;�2�b �i�Q �`�2�T�H�B�+���bR0 ���M�/R3�- �`�2�b�T�2�+�i�B�p�2�H�v�- �i�Q �2�t�2�+�m�i�2 �+�Q�K�K���M�/�bL1 ���M�/L2�- �`�2�b�T�2�+�i�B�p�2�H�v�-
�Q�M �i�?�2 �`�2�T�H�B�+���i�2�/ �b�2�`�p�B�+�2�X ���b�b�m�K�2 �i�?���iL1 ���M�/L2 �+�Q�M�7�H�B�+�i�X �_�2�T�H�B�+��R0 ���b�b�B�;�M�b �i�?�2 �H�Q�r�2�b�i
���p���B�H���#�H�2 �B�M�b�i���M�+�2 �M�m�K�#�2�` �Q�7hR0; 0i �i�QL1�X �h�?�m�b�-R0 �+�Q�H�H�2�+�i�b �� �/�2�T�2�M�/�2�M�+�v �b�2�iDL 1 = fg
���M�/ ���b�b�B�;�M�b �� �b�2�[�m�2�M�+�2 �M�m�K�#�2�`SL 1 = 1 �i�QL1�X �J�2���M�r�?�B�H�2�-R3 ���b�b�B�;�M�b �i�?�2 �B�M�b�i���M�+�2 �M�m�K�#�2�`
hR3; 0i �i�QL1�c �i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i �B�bDL 2 = fg �- ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �B�bSL 2 = 1�X �_�2�T�H�B�+���bR0

���M�/R3 �b�2�M�/�a�T�2�+�P�`�/�2�`�K�2�b�b���;�2�b �r�B�i�? �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 �+�Q�K�K���M�/�b ���M�/ �i�?�2�B�` �K�2�i���/���i�� �i�Q
�Q�i�?�2�` �`�2�T�H�B�+���b�X �G�2�i�ö�b ���b�b�m�K�2 �i�?���iR0 ���M�/R1 �`�2�+�2�B�p�2L1 �#�2�7�Q�`�2L2�- �r�?�B�H�2R2 ���M�/R3 �`�2�+�2�B�p�2L2

�#�2�7�Q�`�2L1�X �h�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �r�B�H�H �`�2�K���B�M �m�M�+�?���M�;�2�/ �7�Q�`L1 ���i R0 ���M�/
R1�- �#�2�+���m�b�2 �i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i �B�M �i�?�2�a�T�2�+�P�`�/�2�`�K�2�b�b���;�2 �`�2�+�2�B�p�2�/ �B�b �i�?�2 �H���i�2�b�i�X �>�Q�r�2�p�2�`�-
�i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �7�Q�`L2 �r�B�H�H �m�T�/���i�2 �i�QD0

L 2
= f L1g ���M�/S0

L 2
= 2�-

�`�2�b�T�2�+�i�B�p�2�H�v�X �a�B�K�B�H���`�H�v�- �i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �r�B�H�H �`�2�K���B�M �m�M�+�?���M�;�2�/ �7�Q�`
L2 ���i R0 ���M�/R1�- �#�m�i �7�Q�`L1�- D0

L 1
= f L2g ���M�/S0

L 1
= 2�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2�a�T�2�+�_�2�T�H�v

�K�2�b�b���;�2�b �7�Q�` �#�Q�i�?L1 ���M�/L2 �r�B�i�? �i�?�2 �M�2�r �K�2�i���/���i�� ���`�2 �b�2�M�i �i�Q �i�?�2 �`�2�b�T�2�+�i�B�p�2 �+�H�B�2�M�i�bc0 ���M�/
c1 �#�v �i�?�2 �`�2�T�H�B�+���b�X

�G�2�i�ö�b ���b�b�m�K�2 �i�?���i �i�?�2 �b�H�Q�r �[�m�Q�`�m�K �`�2�T�H�B�+���b ���`�2R0�-R1�- ���M�/R2 �7�Q�R̀0�- ���M�/R1�-R2�- ���M�/R3

�7�Q�`R3�X �a�B�M�+�2 �+�H�B�2�M�ic0 �Q�#�b�2�`�p�2�b �m�M�2�[�m���H �`�2�b�T�Q�M�b�2�b�- �B�i �+�Q�K�#�B�M�2�b �i�?�2 �/�2�T�2�M�/�2�M�+�B�2�b �7�Q�`L1 �7�`�Q�K
�i�?�2 �b�H�Q�r �[�m�Q�`�m�K ���M�/ �b�2�H�2�+�i�b �i�?�2 �?�B�;�?�2�b�i �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �i�Q �T�`�Q�/�m�+�2 �i�?�2 �7�B�M���H �/�2�T�2�M�/�2�M�+�v
�b�2�iDL 1 = f L2g ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�`SL 1 = 2�X �h�?�B�b �K�2�i���/���i�� �B�b �b�2�M�i �i�Q �i�?�2 �`�2�T�H�B�+���b �B�M ��
�*�Q�K�K�B�i�K�2�b�b���;�2�X �a�B�K�B�H���`�H�v�-c1 �T�`�Q�/�m�+�2�b �i�?�2 �7�B�M���H �/�2�T�2�M�/�2�M�+�v �b�2�iDL 2 = f L1g ���M�/ �b�2�[�m�2�M�+�2
�M�m�K�#�2�`SL 2 = 2 �7�Q�`L2�- ���M�/ �b�2�M�/�b ���*�Q�K�K�B�i�K�2�b�b���;�2 �i�Q �i�?�2 �`�2�T�H�B�+���b�X �h�?�2 �`�2�T�H�B�+���b �m�T�/���i�2
�i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �Q�7 �i�?�2 �+�Q�K�K���M�/�b �m�T�Q�M �`�2�+�2�B�T�i �Q�7 �i�?�2 �`�2�b�T�2�+�i�B�p�2
�*�Q�K�K�B�i�K�2�b�b���;�2�b�- ���M�/ �i�?�2 �+�Q�K�K���M�/�b ���`�2 �[�m�2�m�2�/ �7�Q�` �2�t�2�+�m�i�B�Q�M�X �h�?�2 �`�2�T�H�B�+���b �r���B�i �7�Q�` �i�?�2
�`�2�+�2�B�T�i �Q�7 �i�?�2�*�Q�K�K�B�i�K�2�b�b���;�2�b �Q�7 ���H�H �+�Q�K�K���M�/�b �B�M �i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i �#�2�7�Q�`�2 �T�`�Q�+�2�b�b�B�M�;
�i�?�2�K�X

���7�i�2�` �i�?�2 �+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2 �;�`���T�? ���M�/ �i�?�2 �B�M�p�2�`�b�2 �i�Q�T�Q�H�Q�;�B�+���H �b�Q�`�i�B�M�;�- �i�?�2�`�2 �r�B�H�H �2�t�B�b�i
�+�Q�K�K���M�/�bL1 ���M�/L2 �r�B�i�? �� �+�v�+�H�B�+ �/�2�T�2�M�/�2�M�+�v �#�2�i�r�2�2�M �i�?�2�K�X �a�B�M�+�2 �i�?�2 �b�2�[�m�2�M�+�2 �M�m�K�#�2�`�b
�7�Q�` �#�Q�i�? �i�?�2 �+�Q�K�K���M�/�b ���`�2 �i�?�2 �b���K�2 ���M�/ �i�?�m�b �+���M�M�Q�i �#�`�2���F �i�?�2 �/�2�T�2�M�/�2�M�+�v�- �i�?�2 �`�2�T�H�B�+�� �A�.�b
���`�2 �m�b�2�/ �B�M �i�?�B�b �+���b�2�X �h�?�m�b�-L1 �;�2�i�b �T�`�2�+�2�/�2�M�+�2 �Q�p�2�`L2�XL1 �B�b �2�t�2�+�m�i�2�/ �7�B�`�b�i�- �7�Q�H�H�Q�r�2�/ �#�v
L2�X �h�?�2 �`�2�b�m�H�i �Q�7 �i�?�2 �2�t�2�+�m�i�B�Q�M�b ���`�2 �b�2�M�i �#���+�F �i�Q �i�?�2 �+�H�B�2�M�i�b�X �h�?�2 �+�H�B�2�M�i�b �+�Q�H�H�2�+�i2f + 1 �`�2�T�H�v
�K�2�b�b���;�2�b ���M�/ �`�2�i�m�`�M �i�?�2 �`�2�b�m�H�i �i�Q �i�?�2 ���T�T�H�B�+���i�B�Q�M�X



�9�X�j�X �.�2�b�B�;�M �j�R

�6�B�;�m�`�2 �9�X�k�,�2�x�"�6�h�, ���M �2�t���K�T�H�2 �Q�7 �� �b�H�Q�r �T���i�? �2�t�2�+�m�i�B�Q�M�X



�j�k �*�?���T�i�2�` �9�X �2�x�"�6�h

�6�B�;�m�`�2 �9�X�j�, ���M �2�t���K�T�H�2 �Q�7 �� �b�H�Q�r �T���i�? �r�B�i�? �� �7���m�H�i�v �`�2�T�H�B�+���X



�9�X�j�X �.�2�b�B�;�M �j�j

�1�t���K�T�H�2 �r�B�i�? �� �7���m�H�i�v �`�2�T�H�B�+��

�6�B�;�m�`�2�9�X�j�b�?�Q�r�b ���M �2�t���K�T�H�2 �Q�7 �i�?�2 �b�H�Q�r �T���i�? �i�?���i �B�b �p�2�`�v �b�B�K�B�H���` �i�Q �i�?���i �Q�7 �6�B�;�m�`�2�9�X�k�-
�#�m�i �r�B�i�? �� �7���m�H�i�v �`�2�T�H�B�+��R2 �i�?���i �K�B�b�#�2�?���p�2�b�X �L�Q�i�B�+�2 �i�?���i �i�?�2�_�2�[�m�2�b�i���M�/�a�T�2�+�P�`�/�2�`
�b�i�2�T�b �U�7�B�`�b�i �7�Q�m�` �`�Q�r�b�V �`�2�K���B�M �i�?�2 �b���K�2�X �l�T�Q�M �`�2�+�2�B�T�i �Q�7 �i�?�2�a�T�2�+�P�`�/�2�`�K�2�b�b���;�2 �7�`�Q�KR0

���M�/R3 �7�Q�`L1 ���M�/L2�- �`�2�b�T�2�+�i�B�p�2�H�v�- �i�?�2 �`�2�T�H�B�+���b �+�Q�H�H�2�+�i �i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �m�T�/���i�2 �i�?�2
�b�2�[�m�2�M�+�2 �M�m�K�#�2�`�- ���M�/ �b�2�M�/ �#���+�F�a�T�2�+�_�2�T�H�v�K�2�b�b���;�2�b �i�Q �i�?�2 �+�H�B�2�M�i�X �6�Q�`L1�-R0 ���M�/R1

�b�2�M�/D0
L 1

= fg ���M�/S0
L 1

= 1�c �?�Q�r�2�p�2�`�-R2 �K�B�b�#�2�?���p�2�b ���M�/ �b�2�M�/�bD0
L 1

= fg ���M�/S0
L 1

= 1�-
�2�p�2�M �i�?�Q�m�;�? �B�i �`�2�+�2�B�p�2�/L2 �#�2�7�Q�`�2L1�X �6�Q�`L2�-R2 ���M�/R3 �b�2�M�/D0

L 2
= fg ���M�/S0

L 2
= 1�cR1

�b�2�M�/�bD0
L 2

= f L1g ���M�/S0
L 2

= 2�Xc0 �`�2�+�2�B�p�2�b �� �[�m�Q�`�m�K �Q�72f + 1 �a�T�2�+�_�2�T�H�v�K�2�b�b���;�2�b�-
���M�/ �b�2�M�/�b ���*�Q�K�K�B�i�K�2�b�b���;�2 �r�B�i�? ���M �2�K�T�i�v �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �� �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �R�X
�P�M �i�?�2 �Q�i�?�2�` �?���M�/�-R1 �i�?���i �T���`�i�B�+�B�T���i�2�/ �B�M �+�Q�K�K���M�/L1�ö�b �[�m�Q�`�m�K �b�2�M�/�b �#���+�F �� �+�Q�`�`�2�+�i
�/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�`�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �7�B�M���H �+�Q�K�K�B�i �K�2�b�b���;�2 �7�Q�`L2 �r�B�H�H �?���p�2
L1 �B�M �B�i�b �/�2�T�2�M�/�2�M�+�v �b�2�i�X �h�?�m�b�- �2�p�2�M �i�?�Q�m�;�? �`�2�T�H�B�+���b �B�K�K�2�/�B���i�2�H�v �2�t�2�+�m�i�2L1 �b�B�M�+�2L1�ö�b �7�B�M���H
�/�2�T�2�M�/�2�M�+�v �b�2�i �B�b �2�K�T�i�v�- �i�?�2�v �+���M�M�Q�i �/�Q �b�Q �7�Q�`L2�X �*�Q�`�`�2�+�i �`�2�T�H�B�+���b �K�m�b�i �r���B�i �m�M�i�B�HL1 �B�b
�+�Q�K�K�B�i�i�2�/�#�2�7�Q�`�2 �+�Q�M�b�i�`�m�+�i�B�M�; �i�?�2 �;�`���T�?�- ���i �r�?�B�+�? �T�Q�B�M�iL1 �r�B�H�H �#�2 �2�t�2�+�m�i�2�/ �7�B�`�b�i �#�2�+���m�b�2
�Q�7 �i�?�2 �b�K���H�H�2�b�i �b�2�[�m�2�M�+�2 �M�m�K�#�2�`�- �7�Q�H�H�Q�r�2�/ �#�vL2�X

�9�X�j�X�9 �h�`�B�;�;�2�`�B�M�; �P�r�M�2�` �*�?���M�;�2�b

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

�9�X�j �h�?�2 �+�H�B�2�M�i �i�B�K�2�b�@�Q�m�i �r���B�i�B�M�; �7�Q�` �`�2�T�H�v �7�`�Q�K �i�?�2 �`�2�T�H�B�+���b�X

���7�i�2�` �i�?�2 �+�H�B�2�M�i �b�2�M�/�b �� �`�2�[�m�2�b�i �r�B�i�? �+�Q�K�K���M�/L �- �B�i �b�i���`�i�b ���M�Q�i�?�2�` �i�B�K�2�`�- �B�M ���/�/�B�i�B�Q�M �i�Q
�i�?�2 �Q�M�2 �7�Q�` �b�H�Q�r�@�T���i�?�- �r���B�i�B�M�; �7�Q�` �`�2�b�T�Q�M�b�2�b�X �A�7 �i�?�2 �+�H�B�2�M�i �`�2�+�2�B�p�2�b �x�2�`�Q �Q�` �7�2�r�2�` �i�?���M2f + 1
�`�2�b�T�Q�M�b�2�b �r�B�i�?�B�M �i�?�2 �i�B�K�2�Q�m�i�- �B�i �b�2�M�/�b �i�?�2h�_�2�[�m�2�b�i; L; t; c; R i i � c �K�2�b�b���;�2 �i�Q ���H�H �i�?�2 �`�2�T�H�B�+���b�-
�r�?�2�`�2Ri �B�b �i�?�2 �Q�`�B�;�B�M���H �`�2�+�B�T�B�2�M�i �Q�7 �i�?�2 �K�2�b�b���;�2�X

�q�?�2�M �`�2�T�H�B�+��Rj �`�2�+�2�B�p�2�b �i�?�2 �K�2�b�b���;�2�- �B�i �i���F�2�b �Q�M�2 �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �i�r�Q ���+�i�B�Q�M�b�X �A�7 �i�?�2
�`�2�[�m�2�b�i �K���i�+�?�2�b �Q�` �?���b �� �H�Q�r�2�` �i�B�K�2�b�i���K�Tt �i�?���M �i�?�2 �+�m�`�`�2�M�i�H�v �+���+�?�2�/ �i�B�K�2�b�i���K�T �7�Q�`c�- �i�?�2�M
�i�?�2 �+���+�?�2�/ �`�2�b�T�Q�M�b�2 �B�b �`�2�i�m�`�M�2�/ �i�Qc�X �P�i�?�2�`�r�B�b�2�- �i�?�2 �`�2�T�H�B�+�� �b�2�M�/�b ��h�_�2�b�2�M�/�_�2�[; m; Rj i
�K�2�b�b���;�2 �r�?�2�`�2m = h�_�2�[�m�2�b�i; L; t; c; R i i � c �i�QRi ���M�/ �b�i���`�i�b �� �i�B�K�2�`�X �A�7 �i�?�2 �i�B�K�2�` �2�t�T�B�`�2�b
�#�2�7�Q�`�2 �i�?�2 �`�2�+�2�B�T�i �Q�7 ���a�T�2�+�P�`�/�2�`�K�2�b�b���;�2�-Rj �B�M�B�i�B���i�2�b ���M �Q�r�M�2�`�b�?�B�T �+�?���M�;�2�X

�9�X�9 �h�?�2 �+�H�B�2�M�i �`�2�+�2�B�p�2�b �`�2�b�T�Q�M�b�2�b �B�M�/�B�+���i�B�M�; �B�M�+�Q�M�b�B�b�i�2�M�i �Q�`�/�2�`�B�M�; �#�v �i�?�2 �+�Q�K�K���M�/�@�H�2���/�2�`
���M�/ �b�2�M�/�b �� �T�`�Q�Q�7 �Q�7 �K�B�b�#�2�?���p�B�Q�` �i�Q �i�?�2 �`�2�T�H�B�+���b �i�Q �B�M�B�i�B���i�2 ���M �Q�r�M�2�`�b�?�B�T �+�?���M�;�2 �7�Q�` �i�?�2
�+�Q�K�K���M�/�@�H�2���/�2�`�ö�b �B�M�b�i���M�+�2 �b�T���+�2�X



�j�9 �*�?���T�i�2�` �9�X �2�x�"�6�h

�1�p�2�M �i�?�Q�m�;�? �� �+�H�B�2�M�i �K���v �`�2�+�2�B�p�2 �T�`�Q�K�T�i �`�2�T�H�B�2�b �7�`�Q�K �i�?�2 �`�2�T�H�B�+���b�- �B�i �K�m�b�i �+�?�2�+�F �7�Q�` �B�M�+�Q�M�b�B�b�@
�i�2�M�+�B�2�b �H�2���/�B�M�; �i�Q ���T� �̀Q�Q�7 �Q�7 �K�B�b�#�2�?���p�B�Q�`���;���B�M�b�i �i�?�2 �+�Q�K�K���M�/�@�H�2���/�2�`�X �h�?�2hh�a�T�2�+�_�2�T�H�v;
ORi ; I L ; D0; S0; d; c; ti � Ri ; Rk ; rep; SOi �K�2�b�b���;�2�b �7�`�Q�K �/�B�7�7�2�`�2�M�i �`�2�T�H�B�+���b ���`�2 �b���B�/ �i�Q �K���i�+�? �B�7
�i�?�2�v �?���p�2 �B�/�2�M�i�B�+���HORi �- I �- D�- S�- c�- t�- ���M�/rep �7�B�2�H�/�b�- �#�m�i �i�?�2 �+�Q�M�i�2�M�i�B�Q�M �K���v ���7�7�2�+�i �i�?�2
�2�[�m���H�B�i�v �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �7�B�2�H�/�b�X �h�?�m�b�- �i�?�2 �+�Q�K�K���M�/�@�H�2���/�2�`
�B�b �b���B�/ �i�Q �K�B�b�#�2�?���p�2 �B�7 �B�i �b�2�M�/�b�a�T�2�+�P�`�/�2�`�K�2�b�b���;�2�b �r�B�i�? �/�B�7�7�2�`�2�M�i �B�M�b�i���M�+�2 �M�m�K�#�2�`�b �i�Q
�/�B�7�7�2�`�2�M�i �`�2�T�H�B�+���b �U�B�X�2�X�- �B�7 �i�?�2I �7�B�2�H�/ �p���`�B�2�b �#�2�i�r�2�2�M �i�?�2 �`�2�T�H�B�+���b�V�X �h�?�2 �+�H�B�2�M�ic �+���M �B�/�2�M�@
�i�B�7�v �#�v �B�M�b�T�2�+�i�B�M�;�a�T�2�+�P�`�/�2�S̀O �K�2�b�b���;�2 �2�K�#�2�/�/�2�/ �B�M �i�?�2�a�T�2�+�_�2�T�H�v�K�2�b�b���;�2 �`�2�+�2�B�p�2�/
�7�`�Q�K �i�?�2 �`�2�T�H�B�+���b�X �A�M �i�?�B�b �+���b�2�- �i�?�2 �+�H�B�2�M�i �+�Q�H�H�2�+�i�b �� �T���B�` �Q�7 �b�m�+�? �K�2�b�b���;�2�b �i�Q �+�Q�M�b�i�`�m�+�i ��
h�S�P�J; ORi ; POM i �K�2�b�b���;�2�- �r�?�2�`�2POM �B�b �� �T���B�` �Q�7�a�T�2�+�_�2�T�H�v�K�2�b�b���;�2�b�- �T�`�Q�p�B�M�; �K�B�b�@
�#�2�?���p�B�Q�` �#�v �i�?�2 �+�Q�K�K���M�/�@�H�2���/�2�`Ri �Q�7L�X

�9�X�j�X�8 �h�?�2 �P�r�M�2�` �*�?���M�;�2 �S�`�Q�i�Q�+�Q�H

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

�� �`�2�T�H�B�+��Rj �+�Q�K�K�B�i�b �i�Q ���M �Q�r�M�2�`�b�?�B�T �+�?���M�;�2 �#�v �b�2�M�/�B�M�; ��h�a�i��� �̀i�P�r�M�2�`�*�?���M�;�2; Ri ; ORi i
�K�2�b�b���;�2 �i�Q �Q�i�?�2�` �`�2�T�H�B�+���b�- �r�?�2�`�2Ri �B�b �i�?�2 �b�m�b�T�2�+�i�2�/ �`�2�T�H�B�+�� ���M�/ORi �B�b �B�i�b �Q�r�M�2�` �M�m�K�#�2�`�X

�q�?�2�M ���M�Q�i�?�2�` �`�2�T�H�B�+��Rk �`�2�+�2�B�p�2�b ���i �H�2���b�if + 1 �a�i��� �̀i�P�r�M�2�`�*�?���M�;�2�K�2�b�b���;�2�b �7�Q�`Ri �-
�B�i �+�Q�K�K�B�i�b �i�Q ���M �Q�r�M�2�`�b�?�B�T �+�?���M�;�2�X �6�`�Q�K �i�?�B�b �T�Q�B�M�i �7�Q�`�r���`�/�-Rk �r�B�H�H �M�Q�i �T���`�i�B�+�B�T���i�2 �B�M
Ri �ö�b �B�M�b�i���M�+�2 �b�T���+�2�X �h�?�2 �M�2�r �Q�r�M�2�` �M�m�K�#�2�` �B�b �+���H�+�m�H���i�2�/ ���bO0

Ri = ORi + 1�- ���M�/ �i�?�2
�M�2�r �+�Q�K�K���M�/�@�H�2���/�2�` �B�b �B�/�2�M�i�B�7�B�2�/ �m�b�B�M�;O0

Ri mod N �U�?�2�M�+�2�7�Q�`�i�?Rl �V�X �_�2�T�H�B�+���b �i�?���i �?���p�2
�+�Q�K�K�B�i�i�2�/ �i�Q ���M �Q�r�M�2�`�@�+�?���M�;�2 �b�2�M�/h�P�r�M�2�`�*�?���M�;�2i �K�2�b�b���;�2�b �i�Q �i�?�2 �M�2�r �H�2���/�2�`�X �P�M�+�2
�i�?�2 �M�2�r �+�Q�K�K���M�/�@�H�2���/�2�`Rl �`�2�+�2�B�p�2�b2f + 1 �P�r�M�2�`�*�?���M�;�2�K�2�b�b���;�2�b�- �B�i �#�2�+�Q�K�2�b �i�?�2 �M�2�r
�Q�r�M�2�` �Q�7Ri �ö�b �B�M�b�i���M�+�2 �b�T���+�2 ���M�/ �7�B�M���H�B�x�2�b �B�i�b �?�B�b�i�Q�`�v�X

�1���+�? �`�2�T�H�B�+�� �b�2�M�/�b ���M�P�r�M�2�`�*�?���M�;�2�K�2�b�b���;�2 �+�Q�M�i���B�M�B�M�; �B�i�b �p�B�2�r �Q�7Ri �ö�b �B�M�b�i���M�+�2 �b�T���+�2�-
�B�X�2�X�- �i�?�2 �B�M�b�i���M�+�2�b �U�b�T�2�+�m�H���i�B�p�2�V �2�t�2�+�m�i�2�/ �Q�` �+�Q�K�K�B�i�i�2�/ �b�B�M�+�2 �i�?�2 �H���b�i �+�?�2�+�F�T�Q�B�M�i�- ���M�/ �i�?�2
�+�Q�K�K�B�i�@�+�2�`�i�B�7�B�+���i�2 �r�B�i�? �i�?�2 �?�B�;�?�2�b�i �Q�r�M�2�` �M�m�K�#�2�` �i�?���i �B�i �?���/ �T�`�2�p�B�Q�m�b�H�v �`�2�b�T�Q�M�/�2�/ �i�Q �r�B�i�?
�� �+�Q�K�K�B�i �K�2�b�b���;�2�- �B�7 ���M�v�X �h�?�2 �M�2�r �Q�r�M�2�` �+�Q�H�H�2�+�i�b �� �b�2�iP �Q�7�P�r�M�2�`�*�?���M�;�2�K�2�b�b���;�2�b ���M�/
�b�2�H�2�+�i�b �Q�M�H�v �i�?�2 �Q�M�2 �i�?���i �b���i�B�b�7�B�2�b �Q�M�2 �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�M�/�B�i�B�Q�M�b�X �6�Q�` �+�H���`�B�i�v�- �r�2 �H���#�2�H �i�?�2
�b�2�[�m�2�M�+�2 �Q�7 �B�M�b�i���M�+�2�b �B�M �2���+�?�P�r�M�2�`�*�?���M�;�2�K�2�b�b���;�2 ���bPi �-Pj �- ���M�/ �b�Q �Q�M�X

�h�?�2�`�2 �2�t�B�b�i�b �� �b�2�[�m�2�M�+�2Pi �i�?���i �B�b �i�?�2 �H�Q�M�;�2�b�i ���M�/ �b���i�B�b�7�B�2�b �Q�M�2 �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�M�/�B�i�B�Q�M�b�X

�*�Q�M�/�B�i�B�Q�M �RPi �?���b�*�Q�K�K�B�i�K�2�b�b���;�2�b �r�B�i�? �i�?�2 �?�B�;�?�2�b�i �Q�r�M�2�` �M�m�K�#�2�` �i�Q �T�`�Q�p�2 �B�i�b �2�M�i�`�B�2�b�X

�*�Q�M�/�B�i�B�Q�M �kPi �?���b ���i �H�2���b�if + 1 �a�T�2�+�_�2�T�H�v�K�2�b�b���;�2�b �r�B�i�? �i�?�2 �?�B�;�?�2�b�i �Q�r�M�2�` �M�m�K�#�2�`
�i�Q �T�`�Q�p�2 �B�i�b �2�M�i�`�B�2�b�X

�A�7 �i�?�2�`�2 �2�t�B�b�i�b �� �b�2�[�m�2�M�+�2Pj �i�?���i �2�t�i�2�M�/�b ��Pi �b���i�B�b�7�v�B�M�; ���M�v �Q�7 �i�?�2 ���#�Q�p�2 �+�Q�M�/�B�i�B�Q�M�b�- �i�?�2�M



�9�X�j�X �.�2�b�B�;�M �j�8

Pj �B�b �� �p���H�B�/ �2�t�i�2�M�b�B�Q�M �Q�7Pi �B�7 �Q�M�2 �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�M�/�B�i�B�Q�M�b �?�Q�H�/�,

�R�XPi �b���i�B�b�7�B�2�b�*�Q�M�/�B�i�B�Q�M �R�- ���M�/ �7�Q�` �2�p�2�`�v �+�Q�K�K���M�/L �B�MPj �M�Q�i �B�MPi �-L �?���b ���i �H�2���b�if + 1
�a�T�2�+�_�2�T�H�v�K�2�b�b���;�2�b �r�B�i�? �i�?�2 �b���K�2 �?�B�;�?�2�b�i �Q�r�M�2�` �M�m�K�#�2�` ���bPi �X

�k�XPi �b���i�B�b�7�B�2�b�*�Q�M�/�B�i�B�Q�M �k�- ���M�/ �7�Q�` �2�p�2�`�v �+�Q�K�K���M�/L �B�MPj �M�Q�i �B�MPi �- L �?���b �� �b�B�;�M�2�/
�*�Q�K�K�B�i�K�2�b�b���;�2 �r�B�i�? �i�?�2 �b���K�2 �?�B�;�?�2�b�i �Q�r�M�2�` �M�m�K�#�2�` ���bPi �X

�h�?�2 �M�2�r �Q�r�M�2�` �b�2�M�/�b ���L�2�r�P�r�M�2� �̀K�2�b�b���;�2 �i�Q ���H�H �i�?�2 �`�2�T�H�B�+���b�X �h�?�2 �K�2�b�b���;�2 �B�M�+�H�m�/�2�b �i�?�2
�M�2�r �Q�r�M�2�` �M�m�K�#�2�`O0

R0�- �i�?�2 �b�2�iP �Q�7�P�r�M�2�`�*�?���M�;�2�K�2�b�b���;�2�b �i�?���i �i�?�2 �Q�r�M�2�` �+�Q�H�H�2�+�i�2�/
���b �� �T�`�Q�Q�7�- ���M�/ �i�?�2 �b�2�i �Q�7 �b���7�2 �B�M�b�i���M�+�2�bG �T�`�Q�/�m�+�2�/ �m�b�B�M�;�*�Q�M�/�B�i�B�Q�M �R���M�/�*�Q�M�/�B�i�B�Q�M �k�X ��
�`�2�T�H�B�+�� ���+�+�2�T�i�b ���L�2�r�P�r�M�2� �̀K�2�b�b���;�2 �B�7 �B�i �B�b �p���H�B�/�- ���M�/ ���T�T�H�B�2�b �i�?�2 �B�M�b�i���M�+�2�b �7�`�Q�KG �B�MRi �ö�b
�B�M�b�i���M�+�2 �b�T���+�2�X �A�7 �M�2�+�2�b�b���`�v�- �B�i �`�Q�H�H�b�@�#���+�F �i�?�2 �b�T�2�+�m�H���i�B�p�2�H�v �2�t�2�+�m�i�2�/ �`�2�[�m�2�b�i�b ���M�/ �`�2�@�2�t�2�+�m�i�2�b
�i�?�2�K ���;���B�M�X

���i �i�?�B�b �T�Q�B�M�i�-Ri �ö�b �B�M�b�i���M�+�2 �b�T���+�2 �B�b �7�`�Q�x�2�M�X �L�Q �M�2�r �+�Q�K�K���M�/�b ���`�2 �Q�`�/�2�`�2�/ �B�M �i�?�2 �B�M�b�i���M�+�2
�b�T���+�2�- �#�2�+���m�b�2 �2���+�? �`�2�T�H�B�+�� �?���b �B�i�b �Q�r�M �B�M�b�i���M�+�2 �b�T���+�2 �i�?���i �B�i �+���M �m�b�2 �i�Q �T�`�Q�T�Q�b�2 �B�i�b �+�Q�K�K���M�/�X
�h�?�2 �Q�r�M�2�` �+�?���M�;�2 �B�b �m�b�2�/ �i�Q �2�M�b�m�`�2 �i�?�2 �b���7�2�i�v �Q�7 �+�Q�K�K���M�/�b �T�`�Q�T�Q�b�2�/ �#�v �i�?�2 �7���m�H�i�v �`�2�T�H�B�+���b�X

�9�X�j�X�e �*�Q�`�`�2�+�i�M�2�b�b

�q�2 �7�Q�`�K���H�H�v �b�T�2�+�B�7�B�2�/�2�x�"�6�h�B�M �h�G���Y ���M�/ �K�Q�/�2�H�@�+�?�2�+�F�2�/ �m�b�B�M�; �i�?�2 �h�G�* �K�Q�/�2�H �+�?�2�+�F�2�`�X
�h�?�2 �h�G���Y �b�T�2�+�B�7�B�+���i�B�Q�M �B�b �T�`�Q�p�B�/�2�/ �B�M �� �i�2�+�?�M�B�+���H �`�2�T�Q�`�i �(�k�R�)�X �A�M �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �T�`�Q�p�B�/�2
���M �B�M�i�m�B�i�B�Q�M �Q�7 �?�Q�r�2�x�"�6�h���+�?�B�2�p�2�b �B�i�b �T�`�Q�T�2�`�i�B�2�b�X

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

�*�Q�M�b�B�b�i�2�M�+�v�X�h�Q �T�`�Q�p�2 �+�Q�M�b�B�b�i�2�M�+�v�- �r�2 �M�2�2�/ �i�Q �b�?�Q�r �i�?���i �B�7 �� �`�2�T�H�B�+��Rj �+�Q�K�K�B�i�bL ���i
�B�M�b�i���M�+�2I �- �i�?�2�M �7�Q�` ���M�v �`�2�T�H�B�+��Rk �i�?���i �+�Q�K�K�B�i�bL0 ���i I �- L ���M�/L0 �K�m�b�i �#�2 �i�?�2 �b���K�2
�+�Q�K�K���M�/�X

�h�Q �T�`�Q�p�2 �i�?�B�b�- �+�Q�M�b�B�/�2�` �i�?�2 �7�Q�H�H�Q�r�B�M�;�X �A�7Rj �+�Q�K�K�B�i�bL ���i I = hRi ; �i �- �i�?�2�M ���M �Q�`�/�2�`
�+�?���M�;�2 �b�?�Q�m�H�/ �?���p�2 �#�2�2�M �2�t�2�+�m�i�2�/ �7�Q�` �`�2�T�H�B�+��Ri �ö�b �B�M�b�i���M�+�2 �b�T���+�2�X �A�7Rj �B�b �+�Q�`�`�2�+�i�- �i�?�2�M �B�i
�r�Q�m�H�/ �?���p�2 �/�2�i�2�`�K�B�M�2�/ �i�?���iL �r���b �2�t�2�+�m�i�2�/ ���iI �m�b�B�M�; �i�?�2 �+�Q�K�K�B�i �+�2�`�i�B�7�B�+���i�2 �B�M �i�?�2 �7�Q�`�K �Q�7
�a�T�2�+�P�`�/�2�`�Q��̀*�Q�K�K�B�i�K�2�b�b���;�2�b �2�K�#�2�/�/�2�/ �r�B�i�?�B�M �i�?�2�*�?���M�;�2�P�r�M�2�`�K�2�b�b���;�2�b�X �h�?�m�b�-
L ���M�/L0 �K�m�b�i �#�2 �i�?�2 �b���K�2�X �A�7Rj �B�b �K���H�B�+�B�Q�m�b�- �i�?�2�M �i�?�2 �+�Q�`�`�2�+�i �`�2�T�H�B�+���b �r�B�H�H �/�2�i�2�+�i �B�i �m�b�B�M�;
�i�?�2 �B�M�p���H�B�/ �T�`�Q�;�`�2�b�b�@�+�2�`�i�B�7�B�+���i�2 �`�2�+�2�B�p�2�/�X �h�?�B�b �r�B�H�H �+���m�b�2 ���M �Q�r�M�2�`�b�?�B�T �+�?���M�;�2�X

�A�M ���/�/�B�i�B�Q�M�- �r�2 �M�2�2�/ �i�Q ���H�b�Q �b�?�Q�r �i�?���i �+�Q�M�7�H�B�+�i�B�M�; �`�2�[�m�2�b�i�bL ���M�/L0 ���`�2 �+�Q�K�K�B�i�i�2�/ ���M�/
�2�t�2�+�m�i�2�/ �B�M �i�?�2 �b���K�2 �Q�`�/�2�` ���+�`�Q�b�b ���H�H �+�Q�`�`�2�+�i �`�2�T�H�B�+���b�X ���b�b�m�K�2 �i�?���iL �+�Q�K�K�B�i�b �r�B�i�?D
���M�/S�- �r�?�B�H�2L0 �+�Q�K�K�B�i�b �r�B�i�?D0 ���M�/S0�X �A�7L ���M�/L0 �+�Q�M�7�H�B�+�i�- �i�?�2�M ���i �H�2���b�i �Q�M�2 �+�Q�`�`�2�+�i
�`�2�T�H�B�+�� �K�m�b�i �?���p�2 �`�2�b�T�Q�M�/�2�/ �i�Q �2���+�? �Q�i�?�2�` �B�M �i�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i ���K�Q�M�; �� �[�m�Q�`�m�K �Q�72f + 1



�j�e �*�?���T�i�2�` �9�X �2�x�"�6�h

�`�2�T�H�B�2�b �`�2�+�2�B�p�2�/ �#�v �i�?�2 �+�H�B�2�M�i�X �h�?�m�b�-L �r�B�H�H �#�2 �B�ML0�ö�b �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/�f�Q�` �p�B�+�2�p�2�`�b���X �h�?�2
�2�t�2�+�m�i�B�Q�M ���H�;�Q�`�B�i�?�K �B�b �/�2�i�2�`�K�B�M�B�b�i�B�+�- ���M�/ �B�i �m�b�2�b �i�?�2 �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �i�Q �#�`�2���F �i�B�2�b�X �h�?�m�b�-
�+�Q�M�7�H�B�+�i�B�M�; �`�2�[�m�2�b�i�b �r�B�H�H �#�2 �2�t�2�+�m�i�2�/ �B�M �i�?�2 �b���K�2 �Q�`�/�2�` ���+�`�Q�b�b ���H�H �+�Q�`�`�2�+�i �`�2�T�H�B�+���b�X

�a�i���#�B�H�B�i�v�X�a�B�M�+�2 �Q�M�H�vf �`�2�T�H�B�+���b �+���M �#�2 �#�v�x���M�i�B�M�2�- �i�?�2�`�2 �K�m�b�i �2�t�B�b�i ���i �H�2���b�i2f + 1 �`�2�T�H�B�+���b
�r�B�i�? �i�?�2 �+�Q�`�`�2�+�i �?�B�b�i�Q�`�v�X �.�m�`�B�M�; ���M �Q�r�M�2�`�b�?�B�T �+�?���M�;�2�-2f + 1 �`�2�T�H�B�+���b �b�?�Q�m�H�/ �b�2�M�/ �i�?�2�B�`
�?�B�b�i�Q�`�v �i�Q �i�?�2 �M�2�r �Q�r�M�2�` �r�?�B�+�? �i�?�2�M �p���H�B�/���i�2�b �B�i�X �h�?�m�b�- �B�7 �� �`�2�[�m�2�b�i �B�b �+�Q�K�K�B�i�i�2�/ ���i �b�Q�K�2
�B�M�b�i���M�+�2�- �B�i �r�B�H�H �#�2 �2�t�i�`���+�i�2�/ �7�`�Q�K �?�B�b�i�Q�`�v ���7�i�2�` ���M�v �b�m�#�b�2�[�m�2�M�i �Q�r�M�2�` �+�?���M�;�2�b ���M�/ �+�Q�K�K�B�i�i�2�/
���i �b���K�2 �B�M�b�i���M�+�2 ���i ���H�H �+�Q�`�`�2�+�i �`�2�T�H�B�+���b�X

�G�B�p�2�M�2�b�b�X�G�B�p�2�M�2�b�b �B�b �;�m���`���M�i�2�2�/ ���b �H�Q�M�; ���b �7�2�r�2�` �i�?���Mf �`�2�T�H�B�+���b �+�`���b�?�X �1���+�? �T�`�B�K���`�v
�`�2�T�H�B�+�� ���i�i�2�K�T�i�b �i�Q �i���F�2 �i�?�2 �7���b�i �T���i�? �r�B�i�? �� �[�m�Q�`�m�K �Q�73f + 1 �`�2�T�H�B�+���b�X �q�?�2�M �7���m�H�i�b �Q�+�+�m�`
���M�/ �� �[�m�Q�`�m�K �Q�73f + 1 �`�2�T�H�B�+���b �B�b �M�Q�i �T�Q�b�b�B�#�H�2�- �i�?�2 �+�H�B�2�M�i �T�m�`�b�m�2�b �i�?�2 �b�H�Q�r �T���i�? �r�B�i�?2f + 1
�`�2�T�H�B�+���b ���M�/ �i�2�`�K�B�M���i�2�b �B�M �i�r�Q ���/�/�B�i�B�Q�M���H �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b�X

�9�X�9 �1�p���H�m���i�B�Q�M

�q�2 �B�K�T�H�2�K�2�M�i�2�/�2�x�"�6�h�- ���M�/ �B�i�b �b�i���i�2�@�Q�7�@�i�?�2�@���`�i �+�Q�K�T�2�i�B�i�Q�`�b �S�"�6�h�- �6���"�- ���M�/ �w�v�x�x�v�p�� �B�M
�:�Q�- �p�2�`�b�B�Q�M �R�X�R�y�X �A�M �Q�`�/�2�` �i�Q �2�p���H�m���i�2 ���H�H �b�v�b�i�2�K�b �B�M �� �+�Q�K�K�Q�M �7�`���K�2�r�Q�`�F�- �r�2 �m�b�2�/�;�_�S�*�(�3�)
�7�Q�` �+�Q�K�K�m�M�B�+���i�B�Q�M ���M�/�T�`�Q�i�Q�#�m�7�(�9�9�) �7�Q�` �K�2�b�b���;�2 �b�2�`�B���H�B�x���i�B�Q�M�X �q�2 �m�b�2�/ �i�?�2 �>�J���* �(�8�9�)
���M�/ �1�*�.�a�� �(�8�y�) ���H�;�Q�`�B�i�?�K�b �B�M �:�Q�ö�b�+�`�v�T�i�Q�T���+�F���;�2 �i�Q ���m�i�?�2�M�i�B�+���i�2 �i�?�2 �K�2�b�b���;�2�b �2�t�+�?���M�;�2�/
�#�v �i�?�2 �+�H�B�2�M�i�b ���M�/ �i�?�2 �`�2�T�H�B�+���b�X �h�?�2 �b�v�b�i�2�K�b �r�2�`�2 �/�2�T�H�Q�v�2�/ �B�M �/�B�7�7�2�`�2�M�i ���K���x�Q�M �q�2�# �a�2�`�p�B�+�2
�U���q�a�V �`�2�;�B�Q�M�b �m�b�B�M�; �i�?�2 �1�*�k �B�M�7�`���b�i�`�m�+�i�m�`�2 �(�R�8�)�X �h�?�2 �o�J �B�M�b�i���M�+�2 �m�b�2�/ �r���b �K�9�X�k�t�H���`�;�2
�r�B�i�? �3 �p�*�S�l�b ���M�/ �j�k�:�" �Q�7 �K�2�K�Q�`�v�- �`�m�M�M�B�M�; �l�#�m�M�i�m �R�e�X�y�9�X �q�2 �B�K�T�H�2�K�2�M�i�2�/ �� �`�2�T�H�B�+���i�2�/
�F�2�v�@�p���H�m�2 �b�i�Q�`�2 �i�Q �2�p���H�m���i�2 �i�?�2 �T�`�Q�i�Q�+�Q�H�b�X �L�Q�i�2 �i�?���i�- �7�Q�` �w�v�x�x�v�p�� ���M�/�2�x�"�6�h�- �i�?�2 �+�H�B�2�M�i
�T�`�Q�+�2�b�b �B�K�T�H�2�K�2�M�i�b �i�?�2 �H�Q�;�B�+ �7�Q�` �i�?�2 �+�H�B�2�M�i �T�Q�`�i�B�Q�M �Q�7 �i�?�2 �`�2�b�T�2�+�i�B�p�2 �T�`�Q�i�Q�+�Q�H�b�X

���K�Q�M�; �i�?�2 �T�`�Q�i�Q�+�Q�H�b �2�p���H�m���i�2�/�- �Q�M�H�v�2�x�"�6�h�B�b ���7�7�2�+�i�2�/ �#�v �+�Q�M�i�2�M�i�B�Q�M�X �*�Q�M�i�2�M�i�B�Q�M�- �B�M
�i�?�2 �+�Q�M�i�2�t�i �Q�7 �� �`�2�T�H�B�+���i�2�/ �F�2�v�@�p���H�m�2 �b�i�Q�`�2�- �B�b �/�2�7�B�M�2�/ ���b �i�?�2 �T�2�`�+�2�M�i���;�2 �Q�7 �`�2�[�m�2�b�i�b �i�?���i
�+�Q�M�+�m�`�`�2�M�i�H�v ���+�+�2�b�b �i�?�2 �b���K�2 �F�2�v�X �S�`�B�Q�` �r�Q�`�F �(�d�j�) �?���b �b�?�Q�r�M �i�?���i�- �B�M �T�`���+�i�B�+�2�- �+�Q�M�i�2�M�i�B�Q�M
�B�b �m�b�m���H�H�v �#�2�i�r�2�2�M �y�W ���M�/ �k�W�X �h�?�m�b�- �� �k�W �+�Q�M�i�2�M�i�B�Q�M �K�2���M�b �i�?���i �`�Q�m�;�?�H�v �k�W �Q�7 �i�?�2
�`�2�[�m�2�b�i�b �B�b�b�m�2�/ �#�v �+�H�B�2�M�i�b �i���`�;�2�i �i�?�2 �b���K�2 �F�2�v�- ���M�/ �i�?�2 �`�2�K���B�M�B�M�; �`�2�[�m�2�b�i�b �i���`�;�2�i �+�H�B�2�M�i�b�ö �Q�r�M
�U�M�Q�M�@�Q�p�2�`�H���T�T�B�M�;�V �b�2�i �Q�7 �F�2�v�b�X �>�Q�r�2�p�2�`�- �r�2 �2�p���H�m���i�2�2�x�"�6�h���i �?�B�;�?�2�` �+�Q�M�i�2�M�i�B�Q�M �H�2�p�2�H�b �7�Q�`
�+�Q�K�T�H�2�i�2�M�2�b�b�X

�9�X�9�X�R �*�H�B�2�M�i�@�b�B�/�2 �G���i�2�M�+�v

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



�9�X�9�X �1�p���H�m���i�B�Q�M �j�d

�1�t�T�2�`�B�K�2�M�i �R

�q�2 �/�2�T�H�Q�v�2�/ �i�?�2 �T�`�Q�i�Q�+�Q�H�b �r�B�i�? �7�Q�m�` �`�2�T�H�B�+�� �M�Q�/�2�b �B�M �i�?�2 ���q�a �`�2�;�B�Q�M�b�, �l�a�@�1���b�i�@�R �U�o�B�`�;�B�M�B���V�-
�A�M�/�B���- ���m�b�i�`���H�B���- ���M�/ �C���T���M�X ���i �2���+�? �M�Q�/�2�- �r�2 ���H�b�Q �+�Q�@�H�Q�+���i�2�/ �� �+�H�B�2�M�i �i�?���i �b�2�M�/�b �`�2�[�m�2�b�i�b
�i�Q �i�?�2 �`�2�T�H�B�+���b�X �6�Q�` �b�B�M�;�H�2 �T�`�B�K���`�v�@�#���b�2�/ �T�`�Q�i�Q�+�Q�H�b �U�S�"�6�h�- �6���"�- �w�v�x�x�v�p���V�- �i�?�2 �T�`�B�K���`�v �r���b
�b�2�i �i�Q �l�a�@�1���b�i �`�2�T�H�B�+���c �i�?�m�b�- �+�H�B�2�M�i�b �B�M �Q�i�?�2�` �`�2�T�H�B�+���b �b�2�M�/ �i�?�2�B�` �`�2�[�m�2�b�i�b �i�Q �i�?�2 �T�`�B�K���`�v�X �6�Q�`
�2�x�"�6�h�- �i�?�2 �+�H�B�2�M�i �b�2�M�/�b �B�i�b �`�2�[�m�2�b�i�b �i�Q �i�?�2 �M�2���`�2�b�i �`�2�T�H�B�+�� �U�r�?�B�+�? �B�b �B�M �i�?�2 �b���K�2 �`�2�;�B�Q�M�V�X
�h�?�2 �+�H�B�2�M�i�b �b�2�M�/ �`�2�[�m�2�b�i�b �B�M �+�H�Q�b�2�/�@�H�Q�Q�T�- �K�2���M�B�M�; �i�?���i �� �+�H�B�2�M�i �r�B�H�H �r���B�i �7�Q�` �� �`�2�T�H�v �i�Q �B�i�b
�T�`�2�p�B�Q�m�b �`�2�[�m�2�b�i �#�2�7�Q�`�2 �b�2�M�/�B�M�; ���M�Q�i�?�2�` �Q�M�2�X

�6�B�;�m�`�2 �9�X�9�, ���p�2�`���;�2 �H���i�2�M�+�B�2�b �7�Q�` �1�t�T�2�`�B�K�2�M�i �R�X ���H�H �T�`�B�K���`�B�2�b ���`�2 �B�M �l�a�@�1���b�i�@�R �`�2�;�B�Q�M�X �h�?�2
�H���i�2�M�+�v �B�b �b�?�Q�r�M �T�2�` �`�2�;�B�Q�M ���b �`�2�+�Q�`�/�2�/ �#�v �i�?�2 �+�H�B�2�M�i�b �B�M �i�?���i �`�2�;�B�Q�M�X

�6�B�;�m�`�2�9�X�9�b�?�Q�r�b �i�?�2 ���p�2�`���;�2 �H���i�2�M�+�v �U�B�M �K�B�H�H�B�b�2�+�Q�M�/�b�V �Q�#�b�2�`�p�2�/ �#�v �i�?�2 �+�H�B�2�M�i�b �H�Q�+���i�2�/ �B�M
�i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 �`�2�;�B�Q�M�b �U�b�?�Q�r�M �Q�M �t�@���t�B�b�V �7�Q�` �2���+�? �Q�7 �i�?�2 �7�Q�m�` �T�`�Q�i�Q�+�Q�H�b�X �6�Q�`�2�x�"�6�h�- �i�?�2
�H���i�2�M�+�v �r���b �K�2���b�m�`�2�/ ���i �/�B�7�7�2�`�2�M�i �+�Q�M�i�2�M�i�B�Q�M �H�2�p�2�H�b�, �y�W�- �k�W�- �8�y�W�- ���M�/ �R�y�y�W�c �i�?�2 �b�m�7�7�B�t
�B�M �i�?�2 �H�2�;�2�M�/ �B�M�/�B�+���i�2�b �i�?�2 �+�Q�M�i�2�M�i�B�Q�M�X ���K�Q�M�; �T�`�B�K���`�v�@�#���b�2�/ �T�`�Q�i�Q�+�Q�H�b�- �S�"�6�h �b�m�7�7�2�`�b �i�?�2
�?�B�;�?�2�b�i �H���i�2�M�+�v�- �#�2�+���m�b�2 �B�i �i���F�2�b �7�B�p�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b �i�Q �/�2�H�B�p�2�` �� �`�2�[�m�2�b�i�X �6���" �T�2�`�7�Q�`�K�b
�#�2�i�i�2�` �i�?���M �S�"�6�h �r�B�i�? �7�Q�m�` �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b�- �#�m�i �w�v�x�x�v�p�� �T�2�`�7�Q�`�K�b �i�?�2 �#�2�b�i ���K�Q�M�;
�T�`�B�K���`�v�@�#���b�2�/ �T�`�Q�i�Q�+�Q�H�b �m�b�B�M�; �Q�M�H�v �i�?�`�2�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b�X �P�p�2�`���H�H�-�2�x�"�6�h�T�2�`�7�Q�`�K�b
���b �;�Q�Q�/ ���b �Q�` �#�2�i�i�2�` �i�?���M �w�v�x�x�v�p���- �7�Q�` �m�T �i�Q �8�y�W �+�Q�M�i�2�M�i�B�Q�M�X �A�M �i�?�2 �l�a�@�1���b�i�@�R �`�2�;�B�Q�M�- �#�Q�i�?
�w�v�x�x�v�p�� ���M�/�2�x�"�6�h�?���p�2 ���#�Q�m�i �i�?�2 �b���K�2 �H���i�2�M�+�v �#�2�+���m�b�2 �i�?�2�v �?���p�2 �i�?�2 �b���K�2 �M�m�K�#�2�` �Q�7
�+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b ���M�/ �i�?�2�B�` �T�`�B�K���`�B�2�b ���`�2 �H�Q�+���i�2�/ �B�M �i�?�2 �b���K�2 �`�2�;�B�Q�M�X �>�Q�r�2�p�2�`�- �7�Q�` �i�?�2
�`�2�K���B�M�B�M�; �`�2�;�B�Q�M�b�- �w�v�x�x�p�� �+�H�B�2�M�i�b �K�m�b�i �7�Q�`�r���`�/ �i�?�2�B�` �`�2�[�m�2�b�i�b �i�Q �l�a�@�1���b�i�@�R�- �r�?�B�H�2�2�x�"�6�h
�+�H�B�2�M�i�b �b�B�K�T�H�v �b�2�M�/ �i�?�2�B�` �`�2�[�m�2�b�i�b �i�Q �i�?�2�B�` �H�Q�+���H �`�2�T�H�B�+���- �r�?�B�+�? �Q�`�/�2�`�b �i�?�2�K�X ���i �R�y�y�W �+�Q�M�@
�i�2�M�i�B�Q�M�- �7�B�p�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b �`�2�[�m�B�`�2�/ �7�Q�` �i�Q�i���H�@�Q�`�/�2�` �B�M�+�`�2���b�2�b�2�x�"�6�h�ö�b �H���i�2�M�+�v �+�H�Q�b�2
�i�Q �i�?���i �Q�7 �S�"�6�h�ö�b�X



�j�3 �*�?���T�i�2�` �9�X �2�x�"�6�h

�1�t�T�2�`�B�K�2�M�i �k

�U���V ���p�2�`���;�2 �H���i�2�M�+�B�2�b �7�Q�` �1�t�T�2�`�B�K�2�M�i �k�X

�U�#�V ���p�2�`���;�2 �H���i�2�M�+�B�2�b �7�Q�` �1�t�T�2�`�B�K�2�M�i �k�X �w�v�x�x�p���ö�b �T�`�B�K���`�v �B�b ���i �/�B�7�7�2�`�@
�2�M�i �`�2�;�B�Q�M�b�X

�6�B�;�m�`�2 �9�X�8�, �"�2�b�i �+���b�2 �7�Q�` �w�v�x�x�v�p�� ���M�/ �i�?�2 �2�7�7�2�+�i �Q�7 �K�Q�p�B�M�; �T�`�B�K���`�v �i�Q �/�B�7�7�2�`�2�M�i �`�2�;�B�Q�M�b�X
�1�t�T�2�`�B�K�2�M�i�b �`�2�p�2���H�2�x�"�6�h�ö�b �2�7�7�2�+�i�B�p�2�M�2�b�b�X �G�2�;�2�M�/ �2�M�i�`�B�2�b �b�?�Q�r �T�`�B�K���`�v�ö�b �H�Q�+���i�B�Q�M �B�M �T���`�2�M�@
�i�?�2�b�B�b�X

�h�Q �#�2�i�i�2�` �m�M�/�2�`�b�i���M�/ �w�v�x�x�v�p���ö�b �#�2�b�i ���M�/ �r�Q�`�b�i�@�+���b�2 �T�2�`�7�Q�`�K���M�+�2�b ���M�/ �?�Q�r �i�?�2�v �7���`�2 ���;���B�M�b�i
�2�x�"�6�h�- �r�2 �B�/�2�M�i�B�7�B�2�/ ���M�Q�i�?�2�` �b�2�i �Q�7 ���q�a �`�2�;�B�Q�M�b�, �l�a�@�1���b�i�@�k �U�P�?�B�Q�V�- �A�`�2�H���M�/�- �6�`���M�F�7�m�`�i�-
���M�/ �A�M�/�B���X �h�?�B�b �2�t�T�2�`�B�K�2�M�i �r���b �`�m�M �b�B�K�B�H���` �i�Q �i�?���i �Q�7 �6�B�;�m�`�2�9�X�9�X �h�?�2 �T�`�B�K���`�v �r���b �T�H���+�2�/
�B�M �A�`�2�H���M�/�X �h�?�2 �`�2�b�m�H�i�b ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2�9�X�8�X �6�B�;�m�`�2�9�X�8���b�?�Q�r�b �i�?�2 ���p�2�`���;�2 �H���i�2�M�+�B�2�b ���b
�Q�#�b�2�`�p�2�/ �#�v �i�?�2 �+�H�B�2�M�i�b �B�M �2���+�? �/�2�T�H�Q�v�2�/ �`�2�;�B�Q�M �7�Q�` �2���+�? �Q�7 �i�?�2 �7�Q�m�` �T�`�Q�i�Q�+�Q�H�b�X �h�?�2 �+�?�Q�B�+�2 �Q�7



�9�X�9�X �1�p���H�m���i�B�Q�M �j�N

�A�`�2�H���M�/ ���b �i�?�2 �T�`�B�K���`�v �`�2�;�B�Q�M �`�2�T�`�2�b�2�M�i�b �i�?�2 �#�2�b�i �+���b�2 �7�Q�` �w�v�x�x�v�p���X �>�2�M�+�2�-�2�x�"�6�h�T�2�`�7�Q�`�K�b
�p�2�`�v �b�B�K�B�H���` �i�Q �w�v�x�x�v�p���X

�A�M �1�t�T�2�`�B�K�2�M�i �R�- �i�?�2 �`�2�;�B�Q�M�b �K�Q�b�i�H�v �?���/ �M�Q�M�@�Q�p�2�`�H���T�T�B�M�; �T���i�?�b �#�2�i�r�2�2�M �i�?�2�K�- ���M�/ �i�?�m�b
�i�?�2 �7�B�`�b�i �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T �Q�7 �b�2�M�/�B�M�; �i�?�2 �`�2�[�m�2�b�i �i�Q �i�?�2 �H�2���/�2�` �+���M �#�2 �b�2�2�M �+�H�2���`�H�v �U�M�Q�i�B�+�2
�J�m�K�#���B �B�M �6�B�;�m�`�2�9�X�9�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �B�M �1�t�T�2�`�B�K�2�M�i �k�- �+�Q�M�M�2�+�i�B�Q�M�b �#�2�i�r�2�2�M �i�?�2 �`�2�;�B�Q�M�b
�?���p�2 �Q�p�2�`�H���T�T�B�M�; �T���i�?�b�X �6�Q�` �2�t���K�T�H�2�- �b�2�M�/�B�M�; �� �`�2�[�m�2�b�i �7�`�Q�K �P�?�B�Q �i�Q �J�m�K�#���B �7�Q�`�2�x�"�6�h
�r�B�H�H �i���F�2 ���#�Q�m�i �i�?�2 �b���K�2 �i�B�K�2 ���b �b�2�M�/�B�M�; �� �`�2�[�m�2�b�i �7�`�Q�K �P�?�B�Q �i�Q �J�m�K�#���B �p�B�� �i�?�2 �T�`�B�K���`�v
���i �A�`�2�H���M�/ �7�Q�` �w�v�x�x�v�p���X

�6�B�;�m�`�2�9�X�8�#�b�?�Q�r�b �i�?�2 �2�7�7�2�+�i �Q�7 �K�Q�p�B�M�; �i�?�2 �T�`�B�K���`�v �i�Q �/�B�7�7�2�`�2�M�i �`�2�;�B�Q�M�b�X �q�2 �/�B�b�`�2�;���`�/ �S�"�6�h
���M�/ �6���" �B�M �i�?�B�b �+���b�2�- ���b �i�?�2�B�` �T�2�`�7�Q�`�K���M�+�2 �/�Q �M�Q�i �B�K�T�`�Q�p�2�X �6�Q�` �w�v�x�x�v�p���- �K�Q�p�B�M�; �i�?�2 �T�`�B�K���`�v
�i�Q �l�a�@�1���b�i�@�k �Q�` �A�M�/�B�� �b�m�#�b�i���M�i�B���H�H�v �B�M�+�`�2���b�2�b �B�i�b �Q�p�2�`���H�H �H���i�2�M�+�v�X �A�M �b�m�+�? �+���b�2�b�-�2�x�"�6�h�ö�b
�H���i�2�M�+�v �B�b �m�T �i�Q �9�8�W �H�Q�r�2�` �i�?���M �w�v�x�x�v�p���ö�b�X �h�?�B�b �/���i���@�T�Q�B�M�i �B�b �T���`�i�B�+�m�H���`�H�v �B�K�T�Q�`�i���M�i ���b �B�i
�`�2�p�2���H�b �?�Q�r �i�?�2 �T�`�B�K���`�v�ö�b �T�H���+�2�K�2�M�i ���7�7�2�+�i�b �i�?�2 �H���i�2�M�+�v�X

�h�Q �+�m�`�# �i�?�2 �M�2�;���i�B�p�2 �2�7�7�2�+�i�b �Q�7 �#�v�x���M�i�B�M�2 �T�`�B�K���`�v �`�2�T�H�B�+���b�- �B�M �(�j�R�)�- �i�?�2 ���m�i�?�Q�`�b �T�`�Q�T�Q�b�2 �i�Q
�7�`�2�[�m�2�M�i�H�v �K�Q�p�2 �i�?�2 �T�`�B�K���`�v �U�i�?�B�b �b�i�`���i�2�;�v �B�b ���/�Q�T�i�2�/ �#�v �Q�i�?�2�` �T�`�Q�i�Q�+�Q�H�b �B�M�+�H�m�/�B�M�; �w�v�x�x�v�p���V�X
�6�`�Q�K �6�B�;�m�`�2�9�X�8�#�- �r�2 �+���M �2�t�i�`���T�Q�H���i�2 �i�?���i �b�m�+�? �7�`�2�[�m�2�M�i �K�Q�p�2�K�2�M�i�b �+���M �M�2�;���i�B�p�2�H�v �B�K�T���+�i
�H���i�2�M�+�B�2�b �Q�p�2�` �i�B�K�2�X �:�B�p�2�M �i�?�2�b�2 �+�?���H�H�2�M�;�2�b�- �r�2 ���`�;�m�2 �i�?���i�2�x�"�6�h�ö�b �H�2���/�2�`�H�2�b�b �M���i�m�`�2 �B�b ��
�#�2�i�i�2�` �7�B�i �7�Q�` �;�2�Q�@�b�+���H�2 �/�2�T�H�Q�v�K�2�M�i�b�X

�6�B�;�m�`�2 �9�X�e�, �G���i�2�M�+�v �T�2�` �H�Q�+���i�B�Q�M �r�?�B�H�2 �p���`�v�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�M�M�2�+�i�2�/ �+�H�B�2�M�i�b �U�R �� �R�y�y�V �T�2�`
�`�2�;�B�Q�M�X

�9�X�9�X�k �*�H�B�2�M�i �a�+���H���#�B�H�B�i�v

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



�9�y �*�?���T�i�2�` �9�X �2�x�"�6�h

�B�M �o�B�`�;�B�M�B���- �C���T���M�- �J�m�K�#���B�- ���M�/ ���m�b�i�`���H�B���- ���M�/ �K�2���b�m�`�2�/ �+�H�B�2�M�i�@�b�B�/�2 �H���i�2�M�+�v �T�2�` �`�2�;�B�Q�M
�#�v �p���`�v�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�M�M�2�+�i�2�/ �+�H�B�2�M�i�b�X �6�B�;�m�`�2�9�X�e�b�?�Q�r�b �i�?�2 �`�2�b�m�H�i�b�X �L�Q�i�B�+�2 �i�?���i ���b
�w�v�x�x�v�p�� ���T�T�`�Q���+�?�2�b �R�y�y �+�Q�M�M�2�+�i�2�/ �+�H�B�2�M�i�b �T�2�` �`�2�;�B�Q�M�- �B�i �b�m�7�7�2�`�b �7�`�Q�K ���M �2�t�T�Q�M�2�M�i�B���H �B�M�+�`�2���b�2
�B�M �H���i�2�M�+�v�X �>�Q�r�2�p�2�`�-�2�x�"�6�h�- �2�p�2�M ���i �8�y�W �+�Q�M�i�2�M�i�B�Q�M�- �B�b ���#�H�2 �i�Q �b�+���H�2 �#�2�i�i�2�` �r�B�i�? �i�?�2 �M�m�K�#�2�`
�Q�7 �+�H�B�2�M�i�b�X �S���`�i�B�+�m�H���`�H�v�- �B�M �J�m�K�#���B�-�2�x�"�6�h�K���B�M�i���B�M�b �� �b�i���#�H�2 �H���i�2�M�+�v �2�p�2�M ���i �R�y�y �+�H�B�2�M�i�b
�T�2�` �`�2�;�B�Q�M�- �r�?�B�H�2 �w�v�x�x�v�p���ö�b �H���i�2�M�+�v �b�?�Q�Q�i�b �m�T�X

�9�X�9�X�j �a�2�`�p�2�`�@�b�B�/�2 �h�?�`�Q�m�;�?�T�m�i

�6�B�;�m�`�2 �9�X�d�, �h�?�`�Q�m�;�?�T�m�i �Q�7�2�x�"�6�h���M�/ �+�Q�K�T�2�i�B�i�Q�` �"�6�h �T�`�Q�i�Q�+�Q�H�b�X

�q�2 ���H�b�Q �K�2���b�m�`�2�/ �i�?�2 �T�2���F �i�?�`�Q�m�;�?�T�m�i �Q�7 �i�?�2 �T�`�Q�i�Q�+�Q�H�b�X �6�Q�` �i�?�B�b �2�t�T�2�`�B�K�2�M�i�- �r�2 �/�2�T�H�Q�v�2�/
�i�?�2 �T�`�Q�i�Q�+�Q�H�b �B�M �7�B�p�2 ���q�a �`�2�;�B�Q�M�b�, �l�a�@�1���b�i�@�R �U�o�B�`�;�B�M�B���V�- �A�M�/�B���- ���m�b�i�`���H�B���- ���M�/ �C���T���M�X �q�2
�+�Q�@�H�Q�+���i�2�/ �i�2�M �+�H�B�2�M�i�b �r�B�i�? �i�?�2 �T�`�B�K���`�v �`�2�T�H�B�+�� �B�M �l�a�@�1���b�i�@�R�X �l�M�H�B�F�2 �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �b�Q
�7���`�- �?�2�`�2 �i�?�2 �+�H�B�2�M�i�b �b�2�M�/ �`�2�[�m�2�b�i�b �B�M ���M �Q�T�2�M�@�H�Q�Q�T�- �K�2���M�B�M�; �i�?���i �i�?�2�v �+�Q�M�i�B�M�m�Q�m�b�H�v ���M�/
���b�v�M�+�?�`�Q�M�Q�m�b�H�v �b�2�M�/ �`�2�[�m�2�b�i�b �#�2�7�Q�`�2 �`�2�+�2�B�p�B�M�; �`�2�T�H�B�2�b�X �h�?�2 �`�2�[�m�2�b�i�b �+�Q�M�b�B�b�i�b �Q�7 ���M �3�@�#�v�i�2 �F�2�v
���M�/ �� �R�e�@�#�v�i�2 �p���H�m�2�X

�6�B�;�m�`�2�9�X�d�b�?�Q�r�b �i�?�2 �`�2�b�m�H�i�b�X �6�Q�`�2�x�"�6�h�- �r�2 �+���`�`�B�2�/ �Q�m�i �i�r�Q �2�t�T�2�`�B�K�2�M�i�b�, �B�V �+�H�B�2�M�i�b ���`�2
�T�H���+�2�/ �Q�M�H�v ���i �l�a�@�1���b�i�@�R �U�H���#�2�H�H�2�/�2�x�"�6�h�B�M �i�?�2 �7�B�;�m�`�2�V�c ���M�/ �B�B�V �+�H�B�2�M�i�b ���`�2 �T�H���+�2�/ ���i �2�p�2�`�v
�`�2�;�B�Q�M �U�H���#�2�H�H�2�/ �ó�2�x�"�6�h�U���H�H �_�2�;�B�Q�M�b�V�ô �B�M �i�?�2 �7�B�;�m�`�2�V�X �.�m�2 �i�Q �i�?�2 �H�2���/�2�`�H�2�b�b �+�?���`���+�i�2�`�B�b�i�B�+�-
�2���+�? �Q�7 �i�?�2 �`�2�T�H�B�+���b �+���M �7�2�2�/ �`�2�[�m�2�b�i�b �B�M�i�Q �i�?�2 �b�v�b�i�2�K�- �B�M�+�`�2���b�B�M�; �i�?�2 �Q�p�2�`���H�H �i�?�`�Q�m�;�?�T�m�i�X �h�?�2
�+�Q�M�i�2�M�i�B�Q�M �r���b �b�2�i �i�Q �y�W�- ���M�/ �M�Q �#���i�+�?�B�M�; �r���b �/�Q�M�2�X

�P�#�b�2�`�p�2 �i�?���i �r�?�2�M �+�H�B�2�M�i�b ���`�2 �T�H���+�2�/ �Q�M�H�v ���i �l�a�@�1���b�i�@�R�-�2�x�"�6�h�T�2�`�7�Q�`�K�b ���i �T���` �Q�` �b�H�B�;�?�i�H�v
�#�2�i�i�2�` �i�?���M �Q�i�?�2�`�b�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �r�?�2�M �+�H�B�2�M�i�b ���`�2 �T�H���+�2�/ �B�M ���H�H �i�?�2 �Q�i�?�2�` �`�2�;�B�Q�M�b�- �r�?�B�+�?
�/�Q�2�b �M�Q�i �v�B�2�H�/ ���M�v �#�2�M�2�7�B�i �7�Q�` �Q�i�?�2�` �T�`�Q�i�Q�+�Q�H�b�-�2�x�"�6�h�ö�b �i�?�`�Q�m�;�?�T�m�i �B�M�+�`�2���b�2�b �#�v ���b �K�m�+�? ���b
�7�Q�m�` �i�B�K�2�b�- ���b ���H�H�2�x�"�6�h�`�2�T�H�B�+���b ���`�2 ���#�H�2 �i�Q �T�`�Q�+�2�b�b ���M�/ �/�2�H�B�p�2�` �`�2�[�m�2�b�i�b �+�Q�M�+�m�`�`�2�M�i�H�v�X



�*�?���T�i�2�` �8

�.�2�b�i�2�`

�h�?�B�b �+�?���T�i�2�` �T�`�Q�T�Q�b�2�b�.�2�b�i�2��̀- �� �H�2���/�2�`�H�2�b�b �?�v�#�`�B�/ �7���m�H�i�@�i�Q�H�2�`���M�i �b�i���i�2 �K���+�?�B�M�2 �`�2�T�H�B�+���i�B�Q�M
�T�`�Q�i�Q�+�Q�H �#�m�B�H�i�;� �̀Q�m�M�/�@�m�T�7�Q�` ���+�?�B�2�p�B�M�; �?�B�;�? �T�2�`�7�Q�`�K���M�+�2 �B�M �i�?�2 �;�2�Q�@�b�+���H�2 �2�M�p�B�`�Q�M�K�2�M�i�b�X �h�?�2
�H�2���/�2�`�H�2�b�b �M���i�m�`�2 ���H�H�Q�r�b �2�p�2�`�v �`�2�T�H�B�+�� �i�Q �T�`�Q�+�2�b�b �+�H�B�2�M�i �+�Q�K�K���M�/�b �#�v �Q�M�H�v �`�2�H�v�B�M�; �Q�M �� �b�2�i
�Q�7 �+�H�Q�b�2�b�i �`�2�T�H�B�+���b�- �i�?�m�b �T�`�Q�p�B�/�B�M�; �H�Q�r �+�H�B�2�M�i�@�b�B�/�2 �H���i�2�M�+�B�2�b ���M�/ �?�B�;�? �b�v�b�i�2�K �i�?�`�Q�m�;�?�T�m�i�X
�.�2�b�i�2� �̀B�b�- �B�M �T���`�i�- �K���/�2 �T�Q�b�b�B�#�H�2 �#�v �� �M�Q�p�2�H �i�`�m�b�i�2�/ �b�m�#�b�v�b�i�2�K �+���H�H�2�/�h�`�m�.�2�T�i�?���i �T�`�Q�p�B�/�2�b
�i�?�2 �M�2�+�2�b�b���`�v �i�`�m�b�i �`�2�[�m�B�`�2�/ �i�Q �2�M�b�m�`�2 �b�2�+�m�`�2�- �H�2���/�2�`�H�2�b�b �Q�T�2�`���i�B�Q�M�X�h�`�m�.�2�T�r���b �/�2�b�B�;�M�2�/
�b�T�2�+�B�7�B�+���H�H�v �7�Q�` �i�`�m�b�i�2�/ �2�t�2�+�m�i�B�Q�M �2�M�p�B�`�Q�M�K�2�M�i�b �U�b�m�+�? ���b �A�M�i�2�H �a�:�s�V �r�B�i�? �� �;�Q���H �Q�7 �K�B�M�B�K�B�x�B�M�;
�i�?�2 ���K�Q�m�M�i �Q�7 �i�`�m�b�i�2�/ �+�Q�/�2�- �i�?�m�b �M�m�H�H�B�7�v�B�M�; �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �Q�7 �#�m�;�b �B�M �i�?�2 �b�m�#�b�v�b�i�2�K�X

�h�?�2 �`�2�b�i �Q�7 �i�?�B�b �+�?���T�i�2�` �B�b �Q�`�;���M�B�x�2�/ ���b �7�Q�H�H�Q�r�b�X �a�2�+�i�B�Q�M�8�X�R�?�B�;�?�H�B�;�?�i�b �i�?�2 �#�2�M�2�7�B�i�b �Q�7�.�2�b�i�2�`
���M�/ �i�?�2 �B�M�M�Q�p���i�B�Q�M�b �#�2�?�B�M�/ �B�i�X �a�2�+�i�B�Q�M�8�X�k�/�2�b�+�`�B�#�2�b �i�?�2 �B�M�i�2�`�7���+�2�b ���M�/ �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7
�i�?�2�h�`�m�.�2�T�b�m�#�b�v�b�i�2�K�X �a�2�+�i�B�Q�M�8�X�j�/�2�b�+�`�B�#�2�b�.�2�b�i�2� �̀��H�;�Q�`�B�i�?�K �B�M �/�2�i���B�H �r�B�i�? �i�?�2 �?�2�H�T �Q�7
�b�Q�K�2 �/�2�7�B�M�B�i�B�Q�M�b�X �6�B�M���H�H�v�- �a�2�+�i�B�Q�M�8�X�9�2�p���H�m���i�2�b �i�?�2 �T�`�Q�i�Q�+�Q�H�X

�8�X�R �P�p�2�`�p�B�2�r

�"�v�x���M�i�B�M�2 �6���m�H�i�@�h�Q�H�2�`���M�i �U�"�6�h�V �a�J�_ �b�Q�H�m�i�B�Q�M�b �U�2�X�;�X�- �(�R�k�- �R�e�- �k�d�- �j�y�- �j�j�- �j�9�- �j�3�- �9�8�- �8�k�)�V
�+���M �/�2�7�2�M�/ ���T�T�H�B�+���i�B�Q�M�b �7�`�Q�K ���`�#�B�i�`���`�v �7���m�H�i�b�X �>�Q�r�2�p�2�`�- �b�m�+�? �b�Q�H�m�i�B�Q�M�b ���`�2 �b�2�H�/�Q�K �m�b�2�/ �B�M
�T�`���+�i�B�+�2 �/�m�2 �i�Q �i�?�2�B�` �?�B�;�? �+�Q�b�i�b �� �i�?�2�v �`�2�[�m�B�`�23f +1 �M�Q�/�2�b �i�Q �i�Q�H�2�`���i�2f ���`�#�B�i�`���`�v �7���B�H�m�`�2�b�X �6�Q�`
�K���M�v �`�2�T�H�B�+���i�2�/ �b�v�b�i�2�K�b�- �b�m�+�? ���b �i�?�Q�b�2 �K���B�M�i���B�M�2�/ �#�v �� �b�B�M�;�H�2 �2�M�i�2�`�T�`�B�b�2�@�+�H���b�b �Q�`�;���M�B�x���i�B�Q�M
�r�B�i�?�B�M �� �T�`�B�p���i�2 �M�2�i�r�Q�`�F�- �K���H�B�+�B�Q�m�b ���i�i���+�F�b�- �r�?�2�`�2 �i�?�2 ���/�p�2�`�b���`�v �+���M �i���F�2 �+�Q�M�i�`�Q�H �Q�7 �7���m�H�i�v
�K���+�?�B�M�2�b ���b �r�2�H�H ���b �i�?�2 �M�2�i�r�Q�`�F �B�M �� �+�Q�Q�`�/�B�M���i�2�/ �r���v�- ���`�2 �2�b�b�2�M�i�B���H�H�v �M�Q�M�@�2�t�B�b�i�2�M�i �(�e�9�)�X

�A�M �i�?���i �`�2�;���`�/�-�.�2�b�i�2� �̀?���b �#�2�2�M �/�2�b�B�;�M�2�/ �b�T�2�+�B�7�B�+���H�H�v �i�Q �i���F�2 ���/�p���M�i���;�2 �Q�7 �i�?�2 �`�2�+�2�M�i �?���`�/�@
�r���`�2 ���M�/ �+�H�Q�m�/ �i�`�2�M�/�b �� �b�m�+�? ���b �i�`�m�b�i�2�/ �2�t�2�+�m�i�B�Q�M �2�M�p�B�`�Q�M�K�2�M�i�b ���M�/ �;�2�Q�@�b�+���H�2 �/�2�T�H�Q�v�K�2�M�i�b
�� �i�Q ���+�?�B�2�p�2 �� �?�B�;�? �T�2�`�7�Q�`�K���M�+�2 �b�v�b�i�2�K �r�B�i�? ���M �Q�T�i�B�K���H �`�2�T�H�B�+���i�B�Q�M �7���+�i�Q�` ���M�/ �� �T�`���+�i�B�+���H�H�v
�b�m�7�7�B�+�B�2�M�i �7���m�H�i �i�Q�H�2�`���M�+�2 �K�Q�/�2�H�X �h�?�2 �?�v�#�`�B�/ �7���m�H�i �K�Q�/�2�H ���/�Q�T�i�2�/ �#�v�.�2�b�i�2�`�+���M �/�2�7�2�M�/
�b�v�b�i�2�K�b �7�`�Q�K �K�Q�b�i �#�v�x���M�i�B�M�2 �#�2�?���p�B�Q�`�b�- �b�m�+�? ���b �b�Q�7�i�r���`�2 �#�m�;�b ���M�/ �?���`�/�r���`�2 �2�`�`�Q�`�b�- ���b �H�Q�M�;
���b �i�?�2 �i�`�m�b�i�2�/ �b�m�#�b�v�b�i�2�K �B�b �m�M�+�Q�K�T�`�Q�K�B�b�2�/�X �J�Q�`�2�Q�p�2�`�- �� �b�m�#�b�i���M�i�B���H �`�2�/�m�+�i�B�Q�M �B�M �i�?�2 �M�m�K�@
�#�2�` �Q�7 �M�Q�/�2�b �i�Q2f + 1 �U�7�`�Q�K3f + 1 �B�M �i�?�2 �"�6�h �K�Q�/�2�H�V ���M�/ �i�?�2 �m�b�2 �Q�7 �*�S�l�@�#���b�2�/ �i�`�m�b�i�2�/
�2�t�2�+�m�i�B�Q�M �2�M�p�B�`�Q�M�K�2�M�i�b �B�M�b�i�2���/ �Q�7 �2�t�i�2�`�M���H �/�2�p�B�+�2�b �(�j�k�-�8�R�-�3�8�)�- �?�2�H�T �#�Q�Q�b�i �T�2�`�7�Q�`�K���M�+�2 �i�Q ��
�H���`�;�2 �2�t�i�2�M�i �(�k�e�)�X

�9�R



�9�k �*�?���T�i�2�` �8�X �.�2�b�i�2�`

�6�m�`�i�?�2�`�K�Q�`�2�-�.�2�b�i�2��̀ö�b �H�2���/�2�`�H�2�b�b �Q�T�2�`���i�B�Q�M �B�b �F�2�v �B�M �m�M�H�Q�+�F�B�M�; �?�B�;�? �T�2�`�7�Q�`�K���M�+�2 �B�M �;�2�Q�@�b�+���H�2
�/�2�T�H�Q�v�K�2�M�i�b�X �G�2���/�2�`�H�2�b�b �Q�T�2�`���i�B�Q�M �2�M���#�H�2�b �2�p�2�`�v �`�2�T�H�B�+���b �i�Q �T�`�Q�T�Q�b�2 ���M�/ �+�Q�K�K�B�i �+�Q�K�K���M�/�b
�r�B�i�?�Q�m�i �`�2�H�v�B�M�; �Q�M �/�2�b�B�;�M���i�2�/ �`�2�T�H�B�+���b�X ���b �r�2 �b�?�Q�r �B�M �Q�m�` �2�p���H�m���i�B�Q�M �B�M �a�2�+�i�B�Q�M�8�X�9�- �i�?�2
�m�b�2 �Q�7 �H�2���/�2�`�- �Q�`�T�`�B�K���`�v�`�2�T�H�B�+���b �?���b �K���M�v �/�B�b���/�p���M�i���;�2�b�X �6�B�`�b�i�H�v�- �+�H�B�2�M�i�b �7�`�Q�K �M�Q�M�@�H�2���/�2�`
�b�B�i�2�b �2�t�T�2�`�B�2�M�+�2 �p�2�`�v �?�B�;�? �H���i�2�M�+�B�2�b �#�v �7�Q�`�r���`�/�B�M�; �+�Q�K�K���M�/�b �i�Q �� �U�/�B�b�i���M�i�V �H�2���/�2�`�X �a�2�+�Q�M�/�H�v�-
�p�2�`�v �?�B�;�? �H�Q���/ ���i �i�?�2 �H�2���/�2�` �+���m�b�2�b �`�2�b�Q�m�`�+�2 �#�Q�i�i�H�2�M�2�+�F�b �H�2���/�B�M�; �i�Q �H�Q�r �i�?�`�Q�m�;�?�T�m�i�X �6�B�M���H�H�v�-
�m�M���p���B�H���#�B�H�B�i�v �B�b �B�M�2�p�B�i���#�H�2 �m�M�/�2�` �� �7���m�H�i�v �H�2���/�2�`�X

�.�2�b�i�2� �̀2�t�T�H�Q�B�i�b �i�?�2 �M�Q�i�B�Q�M �Q�7�+�Q�K�K���M�/ �B�M�i�2�`�7�2� �̀2�M�+�2�i�Q ���H�H�Q�r �+�Q�M�+�m�`�`�2�M�i �Q�`�/�2�`�B�M�; ���M�/ �2�t�@
�2�+�m�i�B�Q�M �Q�7 �+�Q�K�K���M�/�b �Q�`�B�;�B�M���i�B�M�; ���i �/�B�7�7�2�`�2�M�i �`�2�T�H�B�+���b�X �h�?�2 �i�2�+�?�M�B�[�m�2�- ���/�Q�T�i�2�/ �7�`�Q�K �i�?�2
�:�2�M�2�`���H�B�x�2�/ �*�Q�M�b�2�M�b�m�b �(�8�e�) �/�2�7�B�M�B�i�B�Q�M �B�M �i�?�2 �*�6�h �K�Q�/�2�H�- �B�M�p�Q�H�p�2�b �2�t�2�+�m�i�B�M�; �+�Q�M�+�m�`�`�2�M�i �+�Q�K�@
�K���M�/�b �B�M ���M�v �Q�`�/�2�` ���b �H�Q�M�; ���b �i�?�2�v �/�Q �M�Q�i �B�M�i�2�`�7�2�`�2�X �h�?�B�b �2�M���#�H�2�b�.�2�b�i�2� �̀`�2�T�H�B�+���b �i�Q �+�Q�K�K�B�i
�+�H�B�2�M�i �+�Q�K�K���M�/�b �B�M �i�r�Q �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b �7�`�Q�K �`�2�+�2�B�T�i�X �6�m�`�i�?�2�`�K�Q�`�2�-�.�2�b�i�2�`�B�b �+���m�@
�i�B�Q�m�b �r�?�2�M �Q�`�/�2�`�B�M�; �B�M�i�2�`�7�2�`�B�M�; �+�Q�K�K���M�/�b �+�Q�M�+�m�`�`�2�M�i�H�v�- �i�?�m�b ���M ���/�/�B�i�B�Q�M���H �+�Q�K�K�m�M�B�+���i�B�Q�M
�b�i�2�T �K���v �#�2 �`�2�[�m�B�`�2�/ �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �Q�m�i�+�Q�K�2 �Q�7 �T�`�B�Q�` �b�i�2�T�b�X

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

�.�2�b�i�2��̀ö�b �?�v�#�`�B�/ �7���m�H�i �K�Q�/�2�H �B�b �K���/�2 �T�Q�b�b�B�#�H�2 �#�v �B�i�b �i�`�m�b�i�2�/ �b�m�#�b�v�b�i�2�K�-�h�`�m�.�2�T�X �h�?�2
�b�m�#�b�v�b�i�2�K �?���b �#�2�2�M �/�2�b�B�;�M�2�/ �7�`�Q�K �b�T�2�+�B�7�B�+���H�H�v �i�Q ���+�+�Q�K�K�Q�/���i�2�.�2�b�i�2��̀ö�b �`�2�[�m�B�`�2�K�2�M�i�b ���M�/
�i���F�2 �m�M�B�[�m�2 ���/�p���M�i���;�2 �Q�7 �7�H�2�t�B�#�B�H�B�i�v �T�`�Q�p�B�/�2�/ �#�v �*�S�l�@�#���b�2�/ �h�1�1�b�X �h�?�2 �T�m�`�T�Q�b�2 �Q�7 �i�?�2
�h�`�m�.�2�T�b�m�#�b�v�b�i�2�K �B�b �i�Q �2�M�b�m�`�2 �i�?���i �i�?�2 �K�2�b�b���;�2�b �2�t�+�?���M�;�2�/ �#�v �i�?�2�.�2�b�i�2�`���`�2 �+�Q�`�`�2�+�i
���M�/ �i�?���i �K���H�B�+�B�Q�m�b �`�2�T�H�B�+���b �+���M�M�Q�i �2�[�m�B�p�Q�+���i�2 �r�B�i�?�Q�m�i �/�2�i�2�+�i�B�Q�M�X �#�v �i���F�B�M�; ���/�p���M�i���;�2 �Q�7
�b�i���M�/���`�/ �H�B�#�`���`�v �/���i�� �b�i�`�m�+�i�m�`�2�b �b�m�+�? ���b �K���T�b�X

�8�X�k �h�?�2�h�`�m�.�2�T�a�m�#�b�v�b�i�2�K

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

�6�B�;�m�`�2�8�X�R�T�`�Q�p�B�/�2�b �� �b�m�K�K���`�v �Q�7�.�2�b�i�2��̀ö�b �B�M�i�2�`�7���+�2�b ���M�/ �i�?�2�B�` �B�K�T�H�2�K�2�M�i���i�B�Q�M �/�2�i���B�H�b�X
�1���+�? �`�2�T�H�B�+�� �?���b ���M �B�M�b�i���M�i�B���i�B�Q�M �Q�7�h�`�m�.�2�T�X �h�?�2 �b�m�#�b�v�b�i�2�K �T�`�Q�p�B�/�2�b �i�?�`�2�2 �B�M�i�2�`�7���+�2�b�,
�i�r�Q �7�Q�` �+�`�2���i�B�M�; �+�2�`�i�B�7�B�+���i�2�b ���M�/ �Q�M�2 �7�Q�` �p�2�`�B�7�v�B�M�;�X �1�p�2�`�v �K�2�b�b���;�2 �� �`�2�T�H�B�+�� �b�2�M�/�b �K�m�b�i
�#�2 ���+�+�Q�K�T���M�B�2�/ �#�v ���.�2�b�i�2�`�+�2�`�i�B�7�B�+���i�2 �i�?���i �Q�i�?�2�` �+�Q�`�`�2�+�i �`�2�T�H�B�+���b �+���M �p�2�`�B�7�v �m�b�B�M�; �i�?�2�B�`



�8�X�k�X �h�?�2 �h�`�m�.�2�T �a�m�#�b�v�b�i�2�K �9�j

�6�B�;�m�`�2 �8�X�R�, �a�m�K�K���`�v �Q�7 �i�?�2�h�`�m�.�2�T�a�m�#�b�v�b�i�2�K�X



�9�9 �*�?���T�i�2�` �8�X �.�2�b�i�2�`

�b�m�#�b�v�b�i�2�K�X �q�2 ���b�b�m�K�2 �i�?���i �i�?�2 �b�m�#�b�v�b�i�2�K �B�b �B�M�b�i���M�i�B���i�2�/ �#�v �� �i�`�m�b�i�2�/ ���/�K�B�M�B�b�i�`���i�Q�` �r�B�i�?
�i�?�2 �b�2�+�`�2�i �F�2�v�b ���M�/ �i�?�2 �m�M�B�[�m�2 �B�/�2�M�i�B�7�B�2�`�-�i�b�b�A�.�X

�1�p�2�`�v�h�`�m�.�2�T�B�M�b�i���M�+�2 �?���b �i�?�2 �7�Q�H�H�Q�r�B�M�; �p���`�B���#�H�2�b�- �B�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �b�2�+�`�2�i �F�2�v ���M�/ �B�/�2�M�@
�i�B�7�B�2�` �m�b�2�/ �7�Q�` �+�`�2���i�B�M�; �+�2�`�i�B�7�B�+���i�2�b�X�+�Q�m�M�i�2�`�b�B�b ���M ���`�`���v �Q�7 �M�m�K�#�2�`�b�- �Q�M�2 �7�Q�` �2���+�? �`�2�T�H�B�+�� �B�M
�i�?�2 �b�v�b�i�2�K�X �� �+�Q�m�M�i�2�` �b�T�2�+�B�7�B�2�b �i�?�2 �Q�`�/�2�`�B�M�; �7�Q�` �+�Q�K�K���M�/�b ���M�/ �B�b �m�b�2�/ �i�Q �2�M�b�m�`�2 �i�?���i �/�B�7�@
�7�2�`�2�M�i �+�Q�K�K���M�/�b ���`�2 �M�Q�i �T�`�Q�T�Q�b�2�/ ���i �i�?�2 �b���K�2 �Q�`�/�2�`�B�M�; �T�Q�b�B�i�B�Q�M�X�/�2�T�b�B�b ���M ���`�`���v �Q�7 �K���T�b�-
�Q�M�2 �7�Q�` �2���+�? �`�2�T�H�B�+���X �1���+�? �K���T �?�Q�H�/�b �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �+�Q�K�K���M�/ �B�M�i�2�`�7�2�`�2�M�+�2 �B�M�7�Q�`�K���i�B�Q�M
�7�`�Q�K ���M�Q�i�?�2�` �`�2�T�H�B�+���X �h�?�2 �K���T�ö�b �F�2�v �B�b �i�?�2 �+�Q�K�K���M�/ �B�M�i�2�`�7�2�`�2�M�+�2 �B�/�2�M�i�B�7�B�2�`�- �b�m�+�? ���b �F�2�v �B�M
�� �F�2�v�@�p���H�m�2 �b�i�Q�`�2 �U�b�2�2 �a�2�+�i�B�Q�M�8�X�9�V�- ���M�/ �i�?�2 �p���H�m�2 �B�b �i�?�2 �?�B�;�?�2�b�i �+�Q�m�M�i�2�` �p���H�m�2 ���K�Q�M�; �i�?�2 �b�2�i
�Q�7 �B�M�i�2�`�7�2�`�B�M�; �+�Q�K�K���M�/�b�X

�S�`�B�Q�` �i�Q �+�2�`�i�B�7�B�+���i�2 �+�`�2���i�B�Q�M�- �i�?�2 �+�Q�m�M�i�2�` �p���H�m�2 ���M�/ �/�2�T�2�M�/�2�M�+�B�2�b ���`�2 �p���H�B�/���i�2�/ ���M�/ �m�T�/���i�2�/�X
�h�?�2 �M�2�r �+�Q�m�M�i�2�` �p���H�m�2 �K�m�b�i �#�2 �;�`�2���i�2�` �i�?���M �T�`�2�p�B�Q�m�b �p���H�m�2 ���M�/ �i�?�2 �/�2�T�2�M�/�2�M�+�B�2�b �U�/�2�T�b�^�V
�K�m�b�i �+�Q�K�T���`�2 �i�Q�/�2�T�b���i ���H�H �`�2�T�H�B�+�� �B�M�/�B�+�2�b�X �A�7 �b�Q�- �i�?�2 �+�m�`�`�2�M�i �`�2�T�H�B�+���ö�b �+�Q�m�M�i�2�` �7�B�2�H�/ �B�b
�m�T�/���i�2�/ ���M�/ �i�?�2 �/�2�T�2�M�/�2�M�+�B�2�b�/�2�T�b�B�b �m�T�/���i�2�/ �r�B�i�? �B�M�i�2�`�7�2�`�2�M�+�2 �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �M�2�r
�+�Q�K�K���M�/�X �h�?�2�M�- �� �+�2�`�i�B�7�B�+���i�2 �B�b �+�`�2���i�2�/ �m�b�B�M�; �i�?�2 �>�J���* ���H�;�Q�`�B�i�?�K ���M�/ �`�2�i�m�`�M�2�/�X

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

�8�X�j �S�`�Q�i�Q�+�Q�H �.�2�b�B�;�M

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

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



�8�X�j�X �S�`�Q�i�Q�+�Q�H �.�2�b�B�;�M �9�8

�8�X�j�X�R �.�2�7�B�M�B�i�B�Q�M�b

�@�*�Q�K�K���M�/ �A�M�i�2�`�7�2�`�2�M�+�2�X�� �+�Q�K�K���M�/ �2�M�+���T�b�m�H���i�2�b ���M �Q�T�2�`���i�B�Q�M �i�?���i �K�m�b�i �#�2 �2�t�2�+�m�i�2�/
�Q�M �i�?�2 �b�?���`�2�/ �b�i���i�2�X �q�2 �b���v �i�?���i �i�r�Q �+�Q�K�K���M�/�bL0 ���M�/L1 ���`�2 �B�M�i�2�`�7�2�`�B�M�; �B�7 �i�?�2 �2�t�2�+�m�i�B�Q�M
�Q�7 �i�?�2�b�2 �+�Q�K�K���M�/�b �B�M �/�B�7�7�2�`�2�M�i �Q�`�/�2�`�b �Q�M �� �;�B�p�2�M �b�i���i�2 �r�B�H�H �`�2�b�m�H�i �B�M �i�r�Q �7�B�M���H �b�i���i�2�b�X �h�?���i
�B�b�- �B�7 �i�?�2�`�2 �2�t�B�b�i�b �� �b�2�[�m�2�M�+�2 �Q�7 �+�Q�K�K���M�/�b� �b�m�+�? �i�?���i �i�?�2 �b�2�`�B���H �2�t�2�+�m�i�B�Q�M �Q�7� ; L0; L1 �B�b
�M�Q�i �2�[�m�B�p���H�2�M�i �i�Q� ; L1; L0�- �i�?�2�ML0 ���M�/L1 ���`�2 �B�M�i�2�`�7�2�`�B�M�;�X

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

�@�A�M�b�i���M�+�2 �L�m�K�#�2�`�X���M �B�M�b�i���M�+�2 �M�m�K�#�2�`�- �/�2�M�Q�i�2�/I �- �B�b �� �i�m�T�H�2 �Q�7 �i�?�2 �B�M�b�i���M�+�2 �b�T���+�2 �U�Q�`
�`�2�T�H�B�+���V �B�/�2�M�i�B�7�B�2�` ���M�/ �� �b�H�Q�i �B�/�2�M�i�B�7�B�2�`�X

�@�o�B�2�r�X�h�?�2 �p�B�2�r �M�m�K�#�2�`v �B�b �m�b�2�/ �i�Q �B�/�2�M�i�B�7�v �i�?�2 �+�m�`�`�2�M�i �Q�r�M�2�` �Q�7 ���M �B�M�b�i���M�+�2�X �h�?�B�b
�M�m�K�#�2�` �#�2�+�Q�K�2�b �m�b�2�7�m�H �r�?�2�M �� �`�2�T�H�B�+�� �B�b �7���m�H�i�v�- ���M�/ �B�i�b �B�M�b�i���M�+�2�b �K�m�b�i �#�2 �`�2�+�Q�p�2�`�2�/ �#�v
�Q�i�?�2�` �`�2�T�H�B�+���b�X �q�?�2�M �`�2�T�H�B�+���b �7���B�H�- ���M�Q�i�?�2�` �+�Q�`�`�2�+�i �`�2�T�H�B�+�� �b�i�2�T�b �m�T �i�Q �i���F�2 �+�Q�M�i�`�Q�H �Q�7 �i�?�2
�7���m�H�i�v �`�2�T�H�B�+���ö�b �B�M�b�i���M�+�2 �b�T���+�2�X �h�?�2 �H�2���/�2�` �Q�7 �� �`�2�T�H�B�+��R0�ö�b �B�M�b�i���M�+�2�b �+���M �#�2 �B�/�2�M�i�B�7�B�2�/ �7�`�Q�K
�i�?�2 �p�B�2�r �M�m�K�#�2�` �m�b�B�M�; �i�?�2 �7�Q�`�K�m�H��vI �K�Q�/N �- �r�?�2�`�2I �B�b �i�?�2 �`�2�+�Q�p�2�`�B�M�; �B�M�b�i���M�+�2 �M�m�K�#�2�`
���M�/N �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�T�H�B�+���b�X �A�M�B�i�B���H�H�v�- �i�?�2 �p�B�2�r �M�m�K�#�2�` �Q�7 �2���+�? �B�M�b�i���M�+�2 �B�b �b�2�i �i�Q �B�i�b
�`�2�T�H�B�+���ö�b �B�/�2�M�i�B�7�B�2�` �U�2�X�;�X�-v(I R0) = 0 �-v(I R1) = 1 �- ���M�/ �b�Q �Q�M�V�X

�@�.�2�T�2�M�/�2�M�+�B�2�b�X�.�m�2 �i�Q �i�?�2 �m�b�2 �Q�7 �T�2�`�@�`�2�T�H�B�+�� �B�M�b�i���M�+�2 �b�T���+�2�b�- �i�?�2 �T�`�Q�i�Q�+�Q�H �K�m�b�i ���;�`�2�2
�Q�M �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�?�2 �b�H�Q�i�b �Q�7 �/�B�7�7�2�`�2�M�i �B�M�b�i���M�+�2�b �b�T���+�2�b�X�.�2�b�i�2� �̀/�Q�2�b �i�?�B�b �p�B��
�/�2�T�2�M�/�2�M�+�v �+�Q�H�H�2�+�i�B�Q�M�- �r�?�B�+�? �m�b�2�b �i�?�2 �+�Q�K�K���M�/ �B�M�i�2�`�7�2�`�2�M�+�2 �`�2�H���i�B�Q�M�X �h�?�2 �/�2�T�2�M�/�2�M�+�v �b�2�i
D �7�Q�` �+�Q�K�K���M�/L �B�b �2�p�2�`�v �Q�i�?�2�` �+�Q�K�K���M�/L0 �i�?���i �B�M�i�2�`�7�2�`�2�b �r�B�i�?L�X

�@�a�2�[�m�2�M�+�2 �L�m�K�#�2�` �US�V�X�B�b �� �;�H�Q�#���H�H�v �b�?���`�2�/ �M�m�K�#�2�` �i�?���i �B�b �m�b�2�/ �i�Q �#�`�2���F �+�v�+�H�2�b �B�M
�/�2�T�2�M�/�2�M�+�B�2�b�X �A�i �b�i���`�i�b �7�`�Q�K �Q�M�2 ���M�/ �B�b ���H�r���v�b �b�2�i �i�Q �#�2 �H���`�;�2�` �i�?���M ���H�H �i�?�2 �b�2�[�m�2�M�+�2
�M�m�K�#�2�`�b �Q�7 �i�?�2 �B�M�i�2�`�7�2�`�B�M�; �+�Q�K�K���M�/�b�X �h�?�2 �`�2�T�H�B�+�� �B�/�2�M�i�B�7�B�2�`�b ���`�2 �m�b�2�/ �i�Q �#�`�2���F �i�B�2�b�- �r�?�2�M
�B�M�i�2�`�7�2�`�B�M�; �+�Q�K�K���M�/�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K �/�B�7�7�2�`�2�M�i �+�Q�K�K���M�/�@�H�2���/�2�`�b ���`�2 ���b�b�B�;�M�2�/ �i�?�2 �b���K�2
�b�2�[�m�2�M�+�2 �M�m�K�#�2�` �/�m�2 �i�Q �+�Q�M�+�m�`�`�2�M�+�v�X

�.�2�b�i�2�`�m�b�2�b �i�r�Q �F�B�M�/�b �Q�7 �[�m�Q�`�m�K�b�, �� �7���b�i �[�m�Q�`�m�K �r�B�i�?f +
� f +1

2

�
�`�2�T�H�B�+���b�- ���M�/ �� �b�H�Q�r

�[�m�Q�`�m�K �r�B�i�?f + 1 �`�2�T�H�B�+���b�X �� �7���b�i �[�m�Q�`�m�K �B�b �`�2�[�m�B�`�2�/ �7�Q�` �;�m���`���M�i�2�2�B�M�; �`�2�b�T�Q�M�b�2�b �B�M �i�r�Q
�+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b �m�M�/�2�`�.�2�b�i�2��̀ö�b �H�2���/�2�`�H�2�b�b �Q�T�2�`���i�B�Q�M�X �a�H�Q�r �[�m�Q�`�m�K �B�b �m�b�2�/ �7�Q�` �i�?�2
�i�?�B�`�/ �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T ���M�/ �/�m�`�B�M�; �i�?�2 �`�2�+�Q�p�2�`�v �T�`�Q�+�2�/�m�`�2�X

�S� �̀Q�i�Q�+�Q�H �S� �̀Q�T�2�`�i�B�2�b�X�.�2�b�i�2� �̀2�M�b�m�`�2�b �i�?�2 �7�Q�H�H�Q�r�B�M�;�,

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



�9�e �*�?���T�i�2�` �8�X �.�2�b�i�2�`

�k�X�a�i���#�B�H�B�i�v�X�6�Q�` ���M�v �`�2�T�H�B�+���- �i�?�2 �b�2�i �Q�7 �+�Q�K�K�B�i�i�2�/ �`�2�[�m�2�b�i�b ���i ���M�v �i�B�K�2 �B�b �� �b�m�#�b�2�i �Q�7
�i�?�2 �+�Q�K�K�B�i�i�2�/ �`�2�[�m�2�b�i�b ���i ���M�v �H���i�2�` �i�B�K�2�X �A�7 ���i �i�B�K�2t1�- �� �`�2�T�H�B�+��Ri �?���b �� �`�2�[�m�2�b�iL
�+�Q�K�K�B�i�i�2�/ ���i �b�Q�K�2 �B�M�b�i���M�+�2I L �- �i�?�2�MRi �r�B�H�H �?���p�2L �+�Q�K�K�B�i�i�2�/ �B�MI L ���i ���M�v �H���i�2�` �i�B�K�2
t2 > t 1�X

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

�9�X�G�B�p�2�M�2�b�b�X�_�2�[�m�2�b�i�b �r�B�H�H �2�p�2�M�i�m���H�H�v �#�2 �+�Q�K�K�B�i�i�2�/ �#�v �2�p�2�`�v �M�Q�M�@�7���m�H�i�v �`�2�T�H�B�+���- ���b �H�Q�M�;
���b ���i �H�2���b�i2f + 1 �`�2�T�H�B�+���b ���`�2 �+�Q�`�`�2�+�i�X

�8�X�j�X�k �h�?�2 �6���b�i �S�?���b�2

�� �+�Q�K�K���M�/�- �+�Q�M�b�B�b�i�B�M�; �Q�7 �i�?�2 �Q�T�2�`���i�B�Q�M �i�Q �#�2 �T�2�`�7�Q�`�K�2�/ �Q�M �i�?�2 �`�2�T�H�B�+���i�2�/ �b�i���i�2�- �Q�`�B�;�B�M���i�2�b
���i �� �+�H�B�2�M�i�- ���M�/ �B�b �b�2�M�i �i�Q �� �U�T�`�2�7�2�`���#�H�v �+�H�Q�b�2�`�V �`�2�T�H�B�+���X �1�p�2�`�v �+�Q�K�K���M�/ �B�b �b�B�;�M�2�/ �r�B�i�? �i�?�2
�+�H�B�2�M�i�ö�b �T�`�B�p���i�2 �F�2�v �i�Q �K���B�M�i���B�M �B�i�b �B�M�i�2�;�`�B�i�v�X �h�?�2 �`�2�T�H�B�+�� �`�2�+�2�B�p�2�b �i�?�2 �+�Q�K�K���M�/ ���M�/ �b�i���`�i�b
�i�?�2 �7���b�i �T�?���b�2�X �A�i �r�Q�`�F�b ���b �7�Q�H�H�Q�r�b�,

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

�q�?�2�M �� �`�2�T�H�B�+��Ri �`�2�+�2�B�p�2�b �� �+�H�B�2�M�i �+�Q�K�K���M�/L �7�`�Q�K �+�H�B�2�M�ic�- �B�i �i���F�2�b �Q�r�M�2�`�b�?�B�T �Q�7 �i�?���i
�+�Q�K�K���M�/�XRi ���b�b�B�;�M�2�/ �i�?�2 �M�2�t�i ���p���B�H���#�H�2 �B�M�b�i���M�+�2 �M�m�K�#�2�` �B�MRi �ö�b �B�M�b�i���M�+�2 �b�T���+�2�X �6�m�`�i�?�2�`�-
�B�i �T�`�Q�/�m�+�2�b �� �/�2�T�2�M�/�2�M�+�v �b�2�iD ���M�/ �� �b�2�[�m�2�M�+�2 �M�m�K�#�2�`S ���b �/�2�b�+�`�B�#�2�/ �B�M �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M�X

�h�?�2 �+�Q�K�K���M�/ ���M�/ �B�i�b ���i�i�`�B�#�m�i�2�b ���`�2 �b�2�M�i �i�Q �Q�i�?�2�` �`�2�T�H�B�+���b �B�M ��hh�S�`�Q�T�Q�b�2; v; L; I L ; D; Si ; Ai
�K�2�b�b���;�2�- �r�?�2�`�2v �B�b �i�?�2 �p�B�2�r �M�m�K�#�2�`�-I L �B�bL�ö�b �B�M�b�i���M�+�2 �M�m�K�#�2�` ���M�/A �B�b �i�?�2 �+�2�`�i�B�7�B�+���i�2 �T�`�Q�@
�/�m�+�2�/ �#�v �+���H�H�B�M�; �i�?�2�*�`�2���i�2�*�2� �̀i�B�7�B�+���i�2�K�2�i�?�Q�/ �Q�7Ri �ö�b�h�`�m�.�2�T�B�M�b�i���M�+�2�X �h�?�2 �+�Q�m�M�i�2�`
�p���H�m�2 �B�b �Q�#�i���B�M�2�/ �#�v �b�?�B�7�i�B�M�;v �i�Q �i�?�2 �?�B�;�?�2�` �Q�`�/�2�` �#�B�i�b ���M�/ �i�?�2�M �P�_�B�M�; �r�B�i�? �i�?�2 �B�M�b�i���M�+�2
�M�m�K�#�2�`�X �h�?�B�b �r���v �#�Q�i�? �i�?�2 ���i�i�`�B�#�m�i�2�b �+���M �#�2 �2�t�T�`�2�b�b�2�/ �r�B�i�? �� �b�B�M�;�H�2 �+�Q�m�M�i�2�`�X �6�m�`�i�?�2�`�K�Q�`�2�-
�r�?�2�M �+�?���M�;�B�M�; �p�B�2�r�b �U�b�2�2 �a�2�+�i�B�Q�M�8�X�j�X�8�V�- �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �;�2�M�2�`���i�2 �+�2�`�i�B�7�B�+���i�2�b �7�Q�` �i�?�2 �M�2�r
�p�B�2�r �#�m�i �b�i�B�H�H �`�2�i���B�M �i�?�2 �B�M�b�i���M�+�2 �M�m�K�#�2�`�X

�k�X �P�i�?�2�` �`�2�T�H�B�+���b �`�2�+�2�B�p�2 ���M�/ �p�2�`�B�7�v �i�?�2�S�`�Q�T�Q�b�2�K�2�b�b���;�2�- ���/�/L ���M�/ �B�i�b ���i�i�`�B�#�m�i�2�b �i�Q
�B�i�b �H�Q�;�- �+�Q�K�T�m�i�2D0 ���M�/S0 �Q�p�2�` �i�?�2�B�` �H�Q�+���H �b�i���i�2�- ���M�/ �b�2�M�/ ���*�Q�K�K�B�i�K�2�b�b���;�2�X

�q�?�2�M �`�2�T�H�B�+��Rj �`�2�+�2�B�p�2�b �� �K�2�b�b���;�2hh�S�`�Q�T�Q�b�2; v; L; I L ; D; Si ; Ai �7�`�Q�K �`�2�T�H�B�+��Ri �- �B�i �+���H�H�b
�o�2�`�B�7�v�*�2� �̀i�B�7�B�+���i�2�K�2�i�?�Q�/ �Q�7Rj �ö�b�h�`�m�.�2�T�i�Q �p�2�`�B�7�v �i�?�2 �K�2�b�b���;�2�ö�b �B�M�i�2�;�`�B�i�v ���M�/ �2�M�b�m�`�2�b
�i�?���iL �B�b �� �p���H�B�/ �+�Q�K�K���M�/ ���M�/ �i�?���i �i�?�2 �B�M�b�i���M�+�2 �M�m�K�#�2�`I L �B�b �M�2�t�i ���p���B�H���#�H�2 ���M�/ �?���b �M�Q
�;���T�b�XRj �m�T�/���i�2�b �i�?�2 �/�2�T�2�M�/�2�M�+�B�2�b ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �7�`�Q�K �i�?�2 �K�2�b�b���;�2 �i�Q �B�i�b �H�Q�+���H �H�Q�;
���M�/ �T�`�Q�/�m�+�2 �M�2�r �b�2�i�b �Q�7 �/�2�T�2�M�/�2�M�+�B�2�bD0 ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�`S�ö �Q�p�2�` �B�i�b �H�Q�+���H �H�Q�;�X �A�i�- �i�?�2�M�-
�#�`�Q���/�+���b�i�b ��hh�*�Q�K�K�B�i; v; L; I L ; D0; S0i ; Ai �K�2�b�b���;�2 �i�Q �Q�i�?�2�` �`�2�T�H�B�+���b�- �r�?�2�`�2A �B�b �+�2�`�i�B�7�B�+���i�2
�T�`�Q�/�m�+�2�/ �#�vRj �7�Q�`L �ö�b�*�Q�K�K�B�i�K�2�b�b���;�2�X



�8�X�j�X �S�`�Q�i�Q�+�Q�H �.�2�b�B�;�M �9�d

�j�X �_�2�T�H�B�+���b �`�2�+�2�B�p�2 �2�B�i�?�2�` �� �7���b�i �Q�` �b�H�Q�r �[�m�Q�`�m�K �Q�7�*�Q�K�K�B�i�K�2�b�b���;�2�b�X

�h�?�2 �M�m�K�#�2�` �Q�7�*�Q�K�K�B�i�K�2�b�b���;�2�b �T�H�m�b �i�?�2 �Q�`�B�;�B�M���H�S�`�Q�T�Q�b�2�K�2�b�b���;�2�- ���M�/ �i�?�2�B�` ���i�i�`�B�#�m�i�2�b
�/�2�i�2�`�K�B�M�2 �B�7 �� �+�Q�K�K���M�/ �+���M �#�2 �+�Q�K�K�B�i�i�2�/ �B�M �i�?�2 �7���b�i �T�?���b�2 �Q�` �r�?�2�i�?�2�` �� �b�H�Q�r �T�?���b�2 �B�b
�M�2�+�2�b�b���`�v�X �6�m�`�i�?�2�`�K�Q�`�2�- �2�p�2�`�v �`�2�T�H�B�+��Ri �b�T�2�+�B�7�B�2�b �� �b�2�i �Q�7 �`�2�T�H�B�+���b �i�?���i �2�p�2�`�v �Q�i�?�2�` �`�2�T�H�B�+��
�K�m�b�i �m�b�2 ���b �i�?�2 �7���b�i ���M�/ �b�H�Q�r �[�m�Q�`�m�K�b �7�Q�` �+�Q�K�K���M�/�b �T�`�Q�T�Q�b�2�/ �#�vRi �X �h�?�B�b �B�b �i�Q �2�M�b�m�`�2 �i�?���i
�2�p�2�`�v �`�2�T�H�B�+�� �m�b�2�b �i�?�2 �b���K�2 �/�2�i�2�`�K�B�M�B�b�i�B�+ �[�m�Q�`�m�K �i�Q �K���F�2 �b�m�#�b�2�[�m�2�M�i �/�2�+�B�b�B�Q�M�b�X

�j�X�R �_�2�T�H�B�+���b �`�2�+�2�B�p�2 �� �7���b�i �[�m�Q�`�m�K �Q�7�*�Q�K�K�B�i�K�2�b�b���;�2�b �r�B�i�? �K���i�+�?�B�M�;D ���M�/S �7�B�2�H�/�b�X

�A�7 �i�?�2 �7���b�i �[�m�Q�`�m�K �Q�7�*�Q�K�K�B�i�K�2�b�b���;�2�b �?���p�2 �K���i�+�?�B�M�;D ���M�/S �7�B�2�H�/�b�- �i�?�2 �+�Q�K�K���M�/L �B�b
�+�Q�K�K�B�i�i�2�/ �B�M �i�?�2 �7���b�i �T�?���b�2 ���M�/ �B�b �2�M�[�m�2�m�2�/ �7�Q�` �2�t�2�+�m�i�B�Q�M �U�b�2�2 �a�2�+�i�B�Q�M�8�X�j�X�j�V�X �L�Q�i�2 �i�?���i �i�?�2
�Q�`�B�;�B�M���H�S�`�Q�T�Q�b�2�K�2�b�b���;�2 �7�`�Q�K �i�?�2 �+�Q�K�K���M�/�@�H�2���/�2�` �b�2�`�p�2�b ���b �B�i�b�*�Q�K�K�B�i�K�2�b�b���;�2�X

�8�X�j�X�j �1�t�2�+�m�i�B�Q�M �S�`�Q�i�Q�+�Q�H

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

�1���+�? �`�2�T�H�B�+�� �i���F�2�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�i�2�T�b�,

�R�X�q���B�i�b �7�Q�` �i�?�2 �+�Q�K�K���M�/ �i�Q �#�2 �2�M�[�m�2�m�2�/ �7�Q�` �2�t�2�+�m�i�B�Q�M�X

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

�j�X�a�i�`�Q�M�;�H�v �+�Q�M�M�2�+�i�2�/ �+�Q�K�T�Q�M�2�M�i�b ���`�2 �B�/�2�M�i�B�7�B�2�/ ���M�/ �b�Q�`�i�2�/ �i�Q�T�Q�H�Q�;�B�+���H�H�v�X

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

�P�M�+�2 �i�?�2 �+�Q�K�K���M�/ �B�b �2�t�2�+�m�i�2�/�- �� �`�2�T�H�v �B�b �b�2�M�i �#���+�F �i�Q �i�?�2 �+�H�B�2�M�i�X �h�?�2 �+�H�B�2�M�i �`�2�[�m�B�`�2�/ ���i
�H�2���b�if + 1 �`�2�b�T�Q�M�b�2�b �r�B�i�? �B�/�2�M�i�B�+���H �p���H�m�2�b �i�Q �p���H�B�/���i�2 �+�Q�`�`�2�+�i �U�M�Q�M�@�#�v�x���M�i�B�M�2�V �#�2�?���p�B�Q�` �#�v
�`�2�T�H�B�+���b�X



�9�3 �*�?���T�i�2�` �8�X �.�2�b�i�2�`

�8�X�j�X�9 �h�?�2 �a�H�Q�r �S�?���b�2 �S�`�Q�i�Q�+�Q�H

�h�?�2 �H���+�F �Q�7 �� �7���b�i �[�m�Q�`�m�K �Q�7�*�Q�K�K�B�i�K�2�b�b���;�2�b �r�B�i�? �K���i�+�?�B�M�;D ���M�/S �7�B�2�H�/�b �B�K�T�H�B�2�b �i�?���i
�K���M�v �Q�7 �i�?�2 �`�2�T�H�B�+���b �B�M �i�?�2 �[�m�Q�`�m�K �?���p�2 �/�B�7�7�2�`�2�M�i �T�2�`�b�T�2�+�i�B�p�2 �Q�7 �/�2�T�2�M�/�2�M�+�B�2�b �7�Q�` �+�Q�K�K���M�/
L �H�B�F�2�H�v �+���m�b�2�/ �/�m�2 �i�Q �+�Q�M�+�m�`�`�2�M�i �+�Q�M�7�H�B�+�i�B�M�; �T�`�Q�T�Q�b���H�b�X �h�?�m�b�- �i�Q �/�2�+�B�/�2 �i�?�2 �7�B�M���H �b�2�i �Q�7
�/�2�T�2�M�/�2�M�+�B�2�b ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�`�- �� �b�H�Q�r �T�?���b�2 �T�`�Q�i�Q�+�Q�H�- ���b �/�2�b�+�`�B�#�2�/ �#�2�H�Q�r�- �B�b �M�2�+�2�b�b���`�v�X

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

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

�l�T�Q�M �`�2�+�2�B�T�i �Q�7 �i�?�2�S�`�Q�T�Q�b�2�K�2�b�b���;�2�- �`�2�T�H�B�+���b �i�?���i �r�2�`�2 �T���`�i �Q�7L�ö�b �7���b�i �[�m�Q�`�m�K �b�2�i �� �i�B�K�2�`
���M�/ �r���B�i �7�Q�` �i�?�2 �`�2�+�2�B�T�i �Q�7�*�Q�K�K�B�i�K�2�b�b���;�2�b�X �A�7�- �r�?�2�M �i�?�2 �i�B�K�2�Q�m�i �Q�+�+�m�`�b�- �i�?�2 �`�2�b�T�Q�M�b�2�b
���`�2 �7�2�r�2�` �i�?���M �� �7���b�i �[�m�Q�`�m�K�- �Q�` �+�Q�M�i���B�M �T�Q�i�2�M�i�B���H�H�v �M�Q�M�@�K���i�+�?�B�M�; �/�2�T�2�M�/�2�M�+�v �b�2�i�b�- �`�2�T�H�B�+���b
�+�Q�M�b�i�`�m�+�i �i�?�2 �7�B�M���H �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �7�Q�`L �m�b�B�M�; �� �b�H�Q�r �[�m�Q�`�m�K �Q�7 �+�Q�K�K�B�i
�K�2�b�b���;�2�b�X �a�B�K�B�H���` �i�Q �i�?�2 �7���b�i �[�m�Q�`�m�K�b�- �i�?�2 �+�Q�K�K���M�/�@�H�2���/�2�`Ri �7�Q�`L ���H�b�Q �2�M�7�Q�`�+�2�b �� �7�B�t�2�/
�b�H�Q�r �[�m�Q�`�m�K �7�Q�` �B�i�b �+�Q�K�K���M�/�b �i�?���i ���H�H �`�2�T�H�B�+���b �K�m�b�i �m�b�2 �7�Q�`Ri �ö�b �+�Q�K�K���M�/�b�X �h�?�B�b �B�b �i�Q
�2�M�b�m�`�2 �i�?���i �`�2�T�H�B�+���b �T�`�Q�/�m�+�2 �B�/�2�M�i�B�+���H�- �/�2�i�2�`�K�B�M�B�b�i�B�+ �b�2�i �Q�7 �7�B�M���H �/�2�T�2�M�/�2�M�+�B�2�b ���M�/ �b�2�[�m�2�M�+�2
�M�m�K�#�2�`�- �r�?�B�+�? �B�b �`�2�[�m�B�`�2�/ �7�Q�` �i�?�2 �b�m�+�+�2�b�b �Q�7 �i�?�2 �b�H�Q�r �T�?���b�2�X

�h�?�2 �7�B�M���H �/�2�T�2�M�/�2�M�+�v �b�2�iD00 ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�`S00 �B�b �+�Q�K�T�m�i�2�/ �#�v �i���F�B�M�; �i�?�2 �m�M�B�Q�M
�Q�7 �/�2�T�2�M�/�2�M�+�v �b�2�i�b ���M�/ �i�?�2 �K���t�B�K�m�K �Q�7 �b�2�[�m�2�M�+�2 �M�m�K�#�2�`�b�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �7���b�i �[�m�Q�`�m�K
�`�2�T�H�B�+���b �7�Q�`L �#�`�Q���/�+���b�i ��h�6�B�M���H�B�x�2; v; L; I L ; D00; S00; mi �K�2�b�b���;�2�- �r�?�2�`�2m �B�b �� �b�2�i �Q�7�*�Q�K�@
�K�B�i�K�2�b�b���;�2�b �T�`�Q�p�B�M�; �i�?�2 �7�B�M���H �/�2�T�2�M�/�2�M�+�B�2�b�X �l�M�H�B�F�2 �7���b�i �T�?���b�2 �K�2�b�b���;�2�b�- �i�?�2�6�B�M���H�B�x�2
�K�2�b�b���;�2 �B�b �M�Q�i �+�2�`�i�B�7�B�2�/ �#�v�h�`�m�.�2�T�X

�j�X�j �_�2�T�H�B�+���b �`�2�+�2�B�p�2 �� �b�H�Q�r �[�m�Q�`�m�K �Q�7�6�B�M���H�B�x�2�K�2�b�b���;�2 ���M�/ �+�Q�K�K�B�i �i�?�2 �+�Q�K�K���M�/

�l�T�Q�M �`�2�+�2�B�T�i �Q�7 �� �b�H�Q�r �[�m�Q�`�m�K �Q�7�6�B�M���H�B�x�2�K�2�b�b���;�2�b�- �`�2�T�H�B�+���b �p�2�`�B�7�v �i�?���i �2���+�? �`�2�+�2�B�p�2�/
�K�2�b�b���;�2 �?���b �� �p���H�B�/ �T�`�Q�Q�7 �Q�7�*�Q�K�K�B�i�K�2�b�b���;�2�b �b�m�T�T�Q�`�i�B�M�; �i�?�2�B�` �7�B�M���H �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/
�b�2�[�m�2�M�+�2 �M�m�K�#�2�`�X �h�?�2�M�- �`�2�T�H�B�+���b �m�T�/���i�2 �i�?�2�B�` �H�Q�+���H �H�Q�;�b �r�B�i�? �i�?�2 �7�B�M���H ���i�i�`�B�#�m�i�2�b �7�`�Q�K ���M�v
�Q�7 �i�?�2 �K�2�b�b���;�2�b�X �h�?�2 �+�Q�K�K���M�/L �B�b �K���`�F�2�/�+�Q�K�K�B�i�i�2�/���M�/ �[�m�2�m�2�/ �7�Q�` �2�t�2�+�m�i�B�Q�M�X

�1�t���K�T�H�2�X�6�B�;�m�`�2�8�X�k�b�?�Q�r�b ���M �2�t���K�T�H�2 �2�t�2�+�m�i�B�Q�M �Q�7�.�2�b�i�2��̀- �?�B�;�?�H�B�;�?�i�B�M�; �#�Q�i�? �7���b�i �T�?���b�2
���M�/ �b�H�Q�r �T�?���b�2 �+�Q�K�K�B�i�b�X �h�?�2 �2�t���K�T�H�2 �+�Q�M�b�B�b�i�b �Q�7 �i�?�`�2�2 �`�2�T�H�B�+���bR0 �i�?�`�Q�m�;�?R2 ���M�/ �i�r�Q
�+�H�B�2�M�i�b�X �a�B�M�+�2N = 3 �`�2�T�H�B�+���b�- �#�Q�i�? �i�?�2 �7���b�i �[�m�Q�`�m�K ���M�/ �b�H�Q�r �[�m�Q�`�m�K �+�Q�M�b�B�b�i �Q�7 �i�r�Q �`�2�T�H�B�+���b
�2���+�?�X

�R�h�r�Q �+�H�B�2�M�i�bc0 ���M�/c1 �b�2�M�/ �b�B�;�M�2�/�_�2�[�m�2�b�i�K�2�b�b���;�2�b �i�Q �`�2�T�H�B�+���bR0 ���M�/R2�- �`�2�b�T�2�+�i�B�p�2�H�v�-
�i�Q �2�t�2�+�m�i�2 �+�Q�K�K���M�/�bL1 ���M�/L2�- �`�2�b�T�2�+�i�B�p�2�H�v�- �Q�M �i�?�2 �`�2�T�H�B�+���i�2�/ �b�2�`�p�B�+�2�X ���b�b�m�K�2 �i�?���iL1

���M�/L2 �+�Q�M�7�H�B�+�i�X�k �_�2�T�H�B�+��R0 ���b�b�B�;�M�b �i�?�2 �H�Q�r�2�b�i ���p���B�H���#�H�2 �B�M�b�i���M�+�2 �M�m�K�#�2�` �Q�7hR0; 0i �i�QL1�X
�h�?�m�b�-R0 �+�Q�H�H�2�+�i�b �� �/�2�T�2�M�/�2�M�+�v �b�2�iDL 1 = fg ���M�/ ���b�b�B�;�M�b �� �b�2�[�m�2�M�+�2 �M�m�K�#�2�`SL 1 = 1 �i�QL1�X



�8�X�j�X �S�`�Q�i�Q�+�Q�H �.�2�b�B�;�M �9�N

�h�?�2�M�-R0 �b�2�M�/�b ���S�`�Q�T�Q�b�2�K�2�b�b���;�2 �r�B�i�? �B�i�b �+�Q�K�K���M�/�b ���M�/ �K�2�i���/���i�� �i�Q �Q�i�?�2�` �`�2�T�H�B�+���b�X �h�?�2
�K�2�b�b���;�2 ���H�b�Q �B�M�+�H�m�/�2�b �� �+�2�`�i�B�7�B�+���i�B�Q�M �T�`�Q�/�m�+�2�/ �#�vR0�ö�b�h�`�m�.�2�T�B�M�b�i���M�+�2�X�j R1 �`�2�+�2�B�p�2�b
�i�?�2 �T�`�Q�T�Q�b���H�- �p�2�`�B�7�B�2�b �B�i �m�b�B�M�; �B�i�b�h�`�m�.�2�T�B�M�b�i���M�+�2�- ���M�/ �+�Q�K�T�m�i�2�b �� �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/
�b�2�[�m�2�M�+�2 �M�m�K�#�2�` �i�?���i �B�b �m�M�+�?���M�;�2�/ �7�`�Q�K �i�?�2 �Q�M�2 �`�2�+�2�B�p�2�/�X �A�i �b�2�M�/�b ���*�Q�K�K�B�i�K�2�b�b���;�2
�r�B�i�? �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �i�Q �Q�i�?�2�` �`�2�T�H�B�+���b�XR1 �+�2�`�i�B�7�B�2�b �i�?�2 �K�2�b�b���;�2 �m�b�B�M�; �B�i�b �i�`�m�b�i�2�/ �b�m�#�b�v�b�i�2�K
�#�2�7�Q�`�2 �#�`�Q���/�+���b�i�B�M�;�X �a�B�M�+�2 �i�?�2�S�`�Q�T�Q�b�2�K�2�b�b���;�2 �7�`�Q�K �i�?�2 �+�Q�K�K���M�/�@�H�2���/�2�` ���H�b�Q �b�2�`�p�2�b ���b
�i�?�2 �+�Q�K�K�B�i�-R2 �b�i���`�i�b �2�t�2�+�m�i�B�M�;L1�X �q�?�2�MR1 �`�2�+�2�B�p�2�b �i�?�2�*�Q�K�K�B�i�K�2�b�b���;�2�- �B�i �r�B�H�H �b�i���`�i
�2�t�2�+�m�i�B�M�; �B�i ���b �r�2�H�H�X �a�B�M�+�2�- �i�?�2�v �/�Q �M�Q�i �?���p�2 ���M�v �/�2�T�2�M�/�2�M�+�B�2�b�- �i�?�2�v �+���M �#�2 �B�K�K�2�/�B���i�2�H�v
�2�t�2�+�m�i�2�/ ���M�/ �� �`�2�b�T�Q�M�b�2 �+���M �#�2 �b�2�M�i �i�Q �i�?�2 �+�H�B�2�M�i�X �h�?�B�b �+�Q�M�+�H�m�/�2�b �i�?�2 �7���b�i �T�?���b�2 �/�2�+�B�b�B�Q�M �Q�7
L1 �B�M �i�r�Q �+�Q�K�K�m�M�B�+���i�B�Q�M �b�i�2�T�b �U�2�t�+�H�m�/�B�M�; �+�H�B�2�M�i �K�2�b�b���;�2�b�V�X �L�Q�i�2 �i�?���i�- �B�M �i�?�B�b �2�t���K�T�H�2�- �r�2
���b�b�m�K�2 �i�?���iR2 �B�b �m�M���r���`�2 �Q�7 �+�Q�K�K���M�/L1 �b�B�M�+�2 �B�i �/�B�/ �M�Q�i �`�2�+�2�B�p�2 ���M�v�S�`�Q�T�Q�b�2�Q��̀*�Q�K�K�B�i
�K�2�b�b���;�2�b �7�Q�`L1�X

�6�B�;�m�`�2 �8�X�k�,�.�2�b�i�2��̀, ���M �2�t���K�T�H�2 �2�t�2�+�m�i�B�Q�M�X

�9 R2 ���b�b�B�;�M�b �i�?�2 �B�M�b�i���M�+�2 �M�m�K�#�2�`hR3; 0i �i�QL1�c �i�?�2 �+�Q�K�T�m�i�2�/ �/�2�T�2�M�/�2�M�+�v �b�2�i �B�bDL 2 = fg �-
���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�` �B�bSL 2 = 1�XR2 �b�2�M�/�b �� �+�2�`�i�B�7�B�2�/�S�`�Q�T�Q�b�2�K�2�b�b���;�2 �i�QR1�X �q�?�2�M
R1 �`�2�+�2�B�p�2�b ���M�/ �p�2�`�B�7�B�2�b �i�?�2 �T�`�Q�T�Q�b���H�- �B�i �m�T�/���i�2�b �B�i�b �H�Q�; ���M�/ �i�?�2�M �+�Q�K�T�m�i�2�b �i�?�2 �M�2�r �b�2�i
�Q�7 �/�2�T�2�M�/�2�M�+�B�2�b ���M�/ �b�2�[�m�2�M�+�2 �M�m�K�#�2�`�X �a�B�M�+�2L2 ���`�`�B�p�2�/ ���7�i�2�`L1 ���i R1 ���M�/ �b�B�M�+�2 �i�?�2 �i�r�Q
�+�Q�K�K���M�/�b �+�Q�M�7�H�B�+�i�-R1 �K�m�b�i �B�M�+�H�m�/�2L1 �B�ML2�ö�b �/�2�T�2�M�/�2�M�+�v �b�2�i�- ���M�/ �i�?�m�b �B�i �b�?�Q�m�H�/ ���H�b�Q
�T�`�Q�T�Q�b�2 �� �?�B�;�?�2�` �b�2�[�m�2�M�+�2 �M�m�K�#�2�`S = 2�X�8 R1 �b�2�M�/�b ���*�Q�K�K�B�i�K�2�b�b���;�2 �r�B�i�?DL 2 = f L1g



�8�y �*�?���T�i�2�` �8�X �.�2�b�i�2�`

���M�/SL 2 = 2�X �1�p�2�M �i�?�Q�m�;�? �i�?�2�`�2 �B�b �� �7���b�i �[�m�Q�`�m�K �Q�7 �i�r�Q �`�2�b�T�Q�M�b�2�b�-L2 �+���M�M�Q�i �#�2 �+�Q�K�K�B�i�i�2�/
�B�M �i�?�2 �7���b�i �T�?���b�2�- �b�B�M�+�2 �i�?�2 �/�2�T�2�M�/�2�M�+�v �b�M���T�b�?�Q�i �p���`�v �#�2�i�r�2�2�M �i�?�2L2�ö�b �[�m�Q�`�m�K �`�2�T�H�B�+���bR2

���M�/R3�X �h�?�B�b �K���`�F�b �i�?�2 �#�2�;�B�M�M�B�M�; �Q�7 �i�?�2 �b�H�Q�r �T�?���b�2�X

�e �6�Q�` �#�Q�i�?R1 ���M�/R2�- �i�?�2�S�`�Q�T�Q�b�2�K�2�b�b���;�2 ���M�/ ���*�Q�K�K�B�i�K�2�b�b���;�2 �B�b �2�M�Q�m�;�? �i�Q �+�Q�M�b�i�B�@
�i�m�i�2 �� �b�H�Q�r �[�m�Q�`�m�K�X �h�?�m�b�- �r�?�2�M �#�Q�i�?R1 ���M�/R2 �Q�#�b�2�`�p�2 �� �b�H�Q�r �[�m�Q�`�m�K �Q�7 �M�Q�M�@�K���i�+�?�B�M�;
�/�2�T�2�M�/�2�M�+�B�2�b�- �i�?�2�v ���+�+�m�K�m�H���i�2 �i�?�2 �/�2�T�2�M�/�2�M�+�v ���M�/ �+�?�Q�Q�b�2 �� �K���t�B�K�m�K �b�2�[�m�2�M�+�2 �M�m�K�#�2�`
���M�/ �b�2�M�/ ���6�B�M���H�B�x�2�K�2�b�b���;�2 �i�Q ���H�H �`�2�T�H�B�+���b�X �L�Q�i�2 �i�?���i �m�M�H�B�F�2�S�`�Q�T�Q�b�2���M�/�*�Q�K�K�B�i�K�2�b�@
�b���;�2�b�- �i�?�2�6�B�M���H�B�x�2�K�2�b�b���;�2 �M�2�2�/ �M�Q�i �#�2 �+�2�`�i�B�7�B�2�/ �#�v�h�`�m�.�2�T�- �#�m�i �`�2�[�m�B�`�2�b �� �T�`�Q�Q�7 �Q�7 ��
�[�m�Q�`�m�K �Q�7�*�Q�K�K�B�i�U�T�Q�b�b�B�#�H�v �B�M�+�H�m�/�B�M�; �i�?�2 �Q�`�B�;�B�M���H�S�`�Q�T�Q�b�2�K�2�b�b���;�2�V �i�Q �#�2 ���+�+�2�T�i�2�/ �#�v
�Q�i�?�2�` �`�2�T�H�B�+���b�X �P�M�+�2 �� �b�H�Q�r �[�m�Q�`�m�K �Q�7 �p���H�B�/�6�B�M���H�B�x�2�K�2�b�b���;�2�b ���`�`�B�p�2 ���i �`�2�T�H�B�+���b�- �i�?�2�v �+���M
�#�2�;�B�M �2�t�2�+�m�i�B�Q�M �i�?�2 �+�Q�K�K���M�/�b�X �a�B�M�+�2L1 �B�b �B�ML2�ö�b �/�2�T�2�M�/�2�M�+�v �b�2�i ���M�/ �?���b �� �H�Q�r�2�` �b�2�[�m�2�M�+�2
�M�m�K�#�2�`�-L2 �b�?�Q�m�H�/ �Q�M�H�v �2�t�2�+�m�i�2 ���7�i�2�`L1�X �d �P�M�+�2 �2�t�2�+�m�i�2�/�- �i�?�2 �`�2�T�H�v �B�b �b�2�M�i �#���+�F �i�Q �i�?�2
�`�2�b�T�2�+�i�B�p�2 �+�H�B�2�M�i�b�X

�8�X�j�X�8 �_�2�+�Q�p�2�`�v

�� �+�H�B�2�M�i �+�Q�K�K���M�/ �B�b �+�Q�K�K�B�i�i�2�/ �m�b�B�M�; �2�B�i�?�2�` �i�?�2 �7���b�i �Q�` �b�H�Q�r �T�?���b�2 �T�`�Q�i�Q�+�Q�H �m�M�/�2�` �M�Q�`�K���H �Q�T�@
�2�`���i�B�M�; �+�Q�M�/�B�i�B�Q�M�b�X �>�Q�r�2�p�2�`�- �+�Q�K�K���M�/�b �K���v �M�Q�i �#�2 �+�Q�K�K�B�i�i�2�/ �r�?�2�M �`�2�T�H�B�+���b ���+�i �K���H�B�+�B�Q�m�b�H�v
���M�/ �/�Q �M�Q�i �2�t�+�?���M�;�2 �K�2�b�b���;�2�b �B�M �� �i�B�K�2�H�v �K���M�M�2�`�X �h�?�2�h�`�m�.�2�T�b�m�#�b�v�b�i�2�K �Q�M�H�v �2�M�b�m�`�2�b
�i�?���i �`�2�T�H�B�+���b �+���M�M�Q�i �#�2�?���p�2 �K���H�B�+�B�Q�m�b�H�v �r�B�i�?�Q�m�i �#�2�B�M�; �/�2�i�2�+�i�2�/�- �#�m�i�.�2�b�i�2��̀- �H�B�F�2 ���M�v �"�6�h
�T�`�Q�i�Q�+�Q�H�- �+���M�M�Q�i �M�Q�i �B�/�2�M�i�B�7�v �#�2�i�r�2�2�M �K���H�B�+�B�Q�m�b ���M�/ �+�`���b�?�2�/ �Q�` �m�M�`�2���+�?���#�H�2 �`�2�T�H�B�+���b�X �h�?�m�b�-
�� �K���H�B�+�B�Q�m�b �`�2�T�H�B�+�� �K���v �b�B�K�T�H�v �+�2���b�2 �i�Q �b�2�M�/ �T�`�Q�i�Q�+�Q�H �K�2�b�b���;�2�b �B�M �� �i�B�K�2�H�v �K���M�M�2�`�X �h�?�B�b �+���M
�?���T�T�2�M ���i �i�r�Q �b�+�2�M���`�B�Q�b �B�M �i�?�2�.�2�b�i�2��̀ö�b �+�Q�K�K�B�i �T�`�Q�i�Q�+�Q�H�X �6�B�`�b�i�H�v�- �B�M�.�2�b�i�2��̀- �+�Q�K�K���M�/�@
�H�2���/�2�` �2�b�i���#�H�B�b�?�2�b �[�m�Q�`�m�K �`�2�T�H�B�+���b �7�Q�` �b�m�#�b�2�[�m�2�M�i �K�2�b�b���;�2 �`�Q�m�M�/�b�- �#�m�i �i�?�Q�b�2 �`�2�T�H�B�+���b �K���v
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�8�X�9 �1�p���H�m���i�B�Q�M
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�/�B�7�7�2�`�2�M�i �;�2�Q�;�`���T�?�B�+���H �`�2�;�B�Q�M �m�b�B�M�; �i�?�2 �J�B�+�`�Q�b�Q�7�i ���x�m�`�2 �*�H�Q�m�/ �S�H���i�7�Q�`�K �(�k�)�X �1���+�? �o�J �#�2�H�Q�M�;
�i�Q �i�?�2 �.�*�k�@�b�2�`�B�2�b ���M�/ �?���b �� �j�X�d�:�>�x �A�M�i�2�H �s�2�Q�M �1�k�R�d�e�: �S�`�Q�+�2�b�b�Q�` �r�B�i�? �3�:�" �_���J�X �h�?�2 �P�a
�m�b�2�/ �r���b �l�#�m�M�i�m �R�e�X�y�9 �r�B�i�? �A�M�i�2�H �a�:�s �.�`�B�p�2�` �p�k�X�j�X�R �B�M�b�i���H�H�2�/�X �L�Q�i�2 �i�?���i ���i �i�?�2 �i�B�K�2 �Q�7
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