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Abstract
The evaluation of recommender system fairness has become increasingly important,
especially with recent legislation that emphasises the development of fair and respon-
sible artificial intelligence. This increasing importance has led to the emergence of
various fairness evaluation measures, which quantify fairness based on different fair-
ness definitions. However, many of such measures are simply proposed and further
used without further analysis on their robustness. As a result, there is insufficient
understanding and awareness of the measures’ limitations. Among other issues, it
is not known what kind of model outputs produce the (un)fairest score, how the
measure scores are empirically distributed, and whether there are cases where the
measures cannot be computed (e.g., due to division by zero). These issues cause dif-
ficulty in interpreting the measure scores and confusion on which measure(s) should
be used for a specific case.

To address the above issues, this thesis presents a series of papers that assess
and overcome various theoretical, empirical, and conceptual limitations of existing
recommender system fairness evaluation measures. Altogether, the papers in this
thesis investigate a wide range of offline evaluation measures for different fairness
notions, which are divided based on the evaluation subjects (users and items) and
for different evaluation granularities (groups of subjects and individual subjects).
Firstly, we perform theoretical and empirical analysis on a set of fairness measures,
exposing flaws that limit their interpretability, expressiveness, or applicability. Sec-
ondly, we contribute novel evaluation approaches and measures that overcome these
limitations. Finally, considering the measures’ limitations, we recommend guidelines
for the appropriate measure usage, thereby allowing for more precise selection of
fairness evaluation measures in practical scenarios.

Overall, the papers in this thesis collectively contribute to advancing the state-
of-the-art offline evaluation of fairness in recommender systems.
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Resumé
Evaluering af fairness (retfærdighed) i anbefalingssystemer er blevet stadig vigtigere,
især i lyset af ny lovgivning, der understøtter udviklingen af fair og ansvarlig kunstig
intelligens. Denne stigende opmærksomhed har ført til fremkomsten af forskellige
fairness-evalueringsmetoder, som kvantificerer fairness baseret på forskellige defini-
tioner. Imidlertid er mange af disse metoder blevet foreslået og anvendt uden en
dybere analyse af deres robusthed. Dette har resulteret i en utilstrækkelig forståelse
og bevidsthed om metoderne og deres begrænsninger. Blandt andet er det uklart,
hvilke modeloutput der producerer de mest (un)fair scores, hvordan målingerne em-
pirisk fordeler sig, og om der findes situationer, hvor målingerne ikke kan bereg-
nes (f.eks. ved division med nul). Disse udfordringer vanskeliggør fortolkningen af
målingernes resultater og skaber uklarhed om, hvilke metoder der bør anvendes i
specifikke tilfælde.

For at adressere disse udfordringer præsenterer denne afhandling en serie af ar-
tikler, der vurderer og løser forskellige teoretiske, empiriske og konceptuelle begræn-
sninger ved eksisterende fairness-evalueringsmetoder i anbefalingssystemer. Artik-
lerne undersøger et bredt udvalg af offline evalueringsmetoder, opdelt efter evaluer-
ingssubjekter (brugere og genstande) samt på forskellige evalueringsniveauer (grup-
per af subjekter og individuelle subjekter). Først udføres en teoretisk og empirisk
analyse af et sæt fairness-målinger, hvor der identificeres begrænsninger, der påvirker
deres fortolkningsevne, udtrykskraft og anvendelighed. Derefter introduceres nye
evalueringsmetoder, som overvinder disse begrænsninger. Endelig anbefales ret-
ningslinjer for korrekt anvendelse af fairness-målinger, hvilket muliggør en mere præ-
cis udvælgelse af passende evalueringsmetoder i praktiske scenarier.

Samlet set bidrager artiklerne i denne afhandling til at fremme den nyeste ud-
vikling inden for offline evaluering af fairness i anbefalingssystemer.
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�i�?�2 �K�2���b�m�`�2 �+�Q�K�T���`�2�b �i�?�2 �2�t�T�Q�b�m�`�2 �Q�7 �B�i�2�K�b �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i ���M�/ �i�?�2
�i�Q�i���H �M�m�K�#�2�` �Q�7 �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i�X �a�Q�K�2 �Q�7 �i�?�2 �K�2���b�m�`�2�b �7�Q�H�H�Q�r �i�?�2 �}�`�b�i �/�2�}�M�B�i�B�Q�M
�Q�7 �7���B�`�M�2�b�b�- �r�?�B�+�? �B�b �T�m�`�2�H�v �2�t�T�Q�b�m�`�2�@�#���b�2�/�- �r�?�B�H�2 �Q�i�?�2�` �K�2���b�m�`�2�b �2�p���H�m���i�2 �7���B�`�M�2�b�b
�D�Q�B�M�i�H�v �r�B�i�? �`�2�H�2�p���M�+�2�X �>�2�`�2�- �r�2 �7�Q�+�m�b �b�Q�H�2�H�v �Q�M �7���B�`�M�2�b�b �K�2���b�m�`�2�b �Q�7 �i�?�2 �}�`�b�i �i�v�T�2�-
�i�?���i �B�b �K�2���b�m�`�2�b �i�?���i �2�p���H�m���i�2 �Q�M�H�v �7���B�`�M�2�b�b �r�B�i�?�Q�m�i �+�Q�M�b�B�/�2�`�B�M�; �`�2�H�2�p���M�+�2�X �1�p�2�M �B�7
�i�?�2�b�2 �7���B�`�M�2�b�b�@�Q�M�H�v �K�2���b�m�`�2�b �?���p�2 �#�2�2�M �m�b�2�/ �i�Q �2�p���H�m���i�2 �7���B�`�M�2�b�b �B�M �T�`�B�Q�` �r�Q�`�F�- �i�?�2�v
�?���p�2 �M�Q�i �#�2�2�M �2�t�i�2�M�b�B�p�2�H�v ���M���H�v�b�2�/ �7�Q�` �i�?�2�B�` �H�B�K�B�i���i�B�Q�M�b ���M�/ �T�Q�b�b�B�#�H�2 �+�Q�M�b�2�[�m�2�M�+�2�b
���`�B�b�B�M�; �i�?�2�`�2�Q�7�X �h�?�2�v �?���p�2 ���H�b�Q �M�Q�i �#�2�2�M ���M���H�v�b�2�/ �B�M �`�2�H���i�B�Q�M �i�Q �Q�M�2 ���M�Q�i�?�2�`�- ���b �K�Q�b�i
�`�2�b�2���`�+�? �B�M �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �Q�M�H�v �m�b�2�b �� �b�B�M�;�H�2 �7���B�`�M�2�b�b �K�2���b�m�`�2�X ���b �� �`�2�b�m�H�i�-
�B�i �B�b �+�m�`�`�2�M�i�H�v �m�M�+�H�2���` �?�Q�r �i�Q �B�M�i�2�`�T�`�2�i �i�?�2�b�2 �K�2���b�m�`�2�b ���M�/ �b�2�H�2�+�i �r�?�B�+�? �K�2���b�m�`�2�b
�b�?�Q�m�H�/ �#�2 �m�b�2�/ �m�M�/�2�` �p���`�B�Q�m�b �+�B�`�+�m�K�b�i���M�+�2�b�X �6�Q�` �B�M�b�i���M�+�2�- �r�2 �}�M�/ �+���b�2�b �r�?�2�`�2 ��
�K�2���b�m�`�2 �B�b �i�?�2�Q�`�2�i�B�+���H�H�v �#�Q�m�M�/ �#�2�i�r�2�2�M[0; 1] �#�m�i �2�K�T�B�`�B�+���H�H�v �+���M�M�Q�i �`�2���+�? �2�B�i�?�2�` �Q�7
�i�?�2 �2�M�/�T�Q�B�M�i�b�- �r�?�B�+�? �K���F�2�b �i�?�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �K�2���b�m�`�2 �2�t�i�`�2�K�2�H�v �/�B�{�+�m�H�i�X �A�i
�B�b ���H�b�Q �m�M�F�M�Q�r�M �B�7 �i�?�2�`�2 ���`�2 �i�?�2�Q�`�2�i�B�+���H �H�B�K�B�i���i�B�Q�M�b ���M�/ �+���b�2�b �r�?�2�`�2 �i�?�2 �K�2���b�m�`�2�b
�r�Q�m�H�/ �7���B�H�X �6�Q�` �B�M�b�i���M�+�2�- �r�2 �}�M�/ �i�?���i �� �K�2���b�m�`�2 �r�B�H�H �;�B�p�2 �i�?�2 �?�B�;�?�2�b�i �b�+�Q�`�2�b �M�Q
�K���i�i�2�` �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�- �;�B�p�2�M �� �+�2�`�i���B�M �M�m�K�#�2�` �Q�7 �m�b�2�`�b�- �B�i�2�K�b�- �Q�` �+�m�i�@�Q�z�X �q�2
���H�b�Q �}�M�/ �i�?���i �� �K�2���b�m�`�2 �+���M�M�Q�i �#�2 �+�Q�K�T�m�i�2�/ ���b �i�?�2 �7�Q�`�K�m�H���i�B�Q�M �B�b �M�Q�i �r�2�H�H�@�/�2�}�M�2�/
�7�Q�` �� �+�Q�K�K�Q�M�H�v�@�2�M�+�Q�m�M�i�2�`�2�/ �+���b�2�X

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

�Ç �q�2 �`�2�p�B�2�r �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �K�2���b�m�`�2�b �B�M �_�a�b �Ux�k�X�k�V�X

�Ç �q�2 �B�/�2�M�i�B�7�v ���M�/ ���M���H�v�b�2 �8 �i�?�2�Q�`�2�i�B�+���H �H�B�K�B�i���i�B�Q�M�b �Q�7 �i�?�Q�b�2 �K�2���b�m�`�2�b�- �r�?�2�`�2 �i�?�`�2�2
�Q�7 �i�?�2 �H�B�K�B�i���i�B�Q�M�b ���`�2 �M�Q�p�2�H ���M�/ �i�r�Q �H�B�K�B�i���i�B�Q�M�b �?���p�2 ���H�`�2���/�v �#�2�2�M �B�/�2�M�i�B�}�2�/
�#�m�i �r�B�i�?�Q�m�i �� �7�Q�`�K���H�f�i�?�2�Q�`�2�i�B�+���H �2�t�T�H���M���i�B�Q�M�- �r�?�B�+�? �r�2 �T�`�Q�p�B�/�2 �Ux�k�X�j�V�X

�Ç �q�2 �T�`�Q�T�Q�b�2 �i�?�2�Q�`�2�i�B�+���H �+�Q�`�`�2�+�i�B�Q�M�b �Q�7 �i�?�2 �K�2���b�m�`�2�b �i�Q �`�2�b�Q�H�p�2 �i�?�2�B�` �H�B�K�B�i���i�B�Q�M�b
�Q�` �2�t�T�H���B�M �r�?�v �b�Q�K�2 �H�B�K�B�i���i�B�Q�M�b ���`�2 �m�M�`�2�b�Q�H�p���#�H�2 �Ux�k�X�9�V�X �L�Q�i�2 �i�?���i �M�Q�M�2 �Q�7 �i�?�2
�K�2���b�m�`�2�b �B�b �r�B�i�?�Q�m�i �H�B�K�B�i���i�B�Q�M�b �U�h���#�X�k�X�9�V�X

�Ç �q�2 �T�`�2�b�2�M�i ���M �2�K�T�B�`�B�+���H ���M���H�v�b�B�b �Q�7 �i�?�2 �2�t�B�b�i�B�M�; �K�2���b�m�`�2�b �i�Q �b�i�m�/�v �i�?�2 �+�Q�`�`�2�H���@
�i�B�Q�M ���K�Q�M�; �K�2���b�m�`�2�b�- �B�M�p�2�b�i�B�;���i�2 �i�?�2 �`�2�H���i�B�Q�M�b �#�2�i�r�2�2�M �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2�-
���M�/ �+�Q�K�T���`�2 �i�?�2 �+�Q�`�`�2�+�i�2�/ �K�2���b�m�`�2�b ���;���B�M�b�i �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2�b �Q�M �`�2���H�@�r�Q�`�H�/
���M�/ �b�v�M�i�?�2�i�B�+ �/���i���b�2�i�b �Ux�k�X�8�V�X

�Ç �q�2 �T�`�Q�p�B�/�2 �B�M�b�B�;�?�i�b �i�Q �;�m�B�/�2 �i�?�2 �+�Q�`�`�2�+�i �m�b�2 �Q�7 �/�B�z�2�`�2�M�i �i�v�T�2�b �Q�7 �B�M�/�B�p�B�/�m���H
�B�i�2�K �7���B�`�M�2�b�b �K�2���b�m�`�2�b �Ux�k�X�d�V�X

�j�9



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�h���#�H�2 �k�X�R�, �a�m�K�K���`�v �Q�7 �i�?�2 �M�Q�i���i�B�Q�M�X

�L�Q�i���i�B�Q�M �1�t�T�H���M���i�B�Q�M

U = f u1; u2; : : : ; umg �h�?�2 �b�2�i �Q�7 �m�b�2�`�b
I = f i 1; i2; : : : ; ing �h�?�2 �b�2�i �Q�7 �B�i�2�K�b
jUj = m �h�?�2 �m�M�B�[�m�2 �M�m�K�#�2�` �Q�7 �m�b�2�`�b �B�M �/���i���b�2�i
jI j = n �h�?�2 �m�M�B�[�m�2 �M�m�K�#�2�` �Q�7 �B�i�2�K�b �B�M �/���i���b�2�i
k �h�?�2 �+�m�i�@�Q�z �i�?�`�2�b�?�Q�H�/
km �h�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b
ru;i 2 f 0; 1g �h�?�2 �`�2�H�2�p���M�+�2 �Q�7 �B�i�2�Ki �i�Q �m�b�2�`u
z(u; i ) 2 f 1; 2; : : : ; ng �h�?�2 �`���M�F �T�Q�b�B�i�B�Q�M �Q�7 �B�i�2�Ki �7�Q�` �m�b�2�`u
z(u; i; w) 2 f 1; 2; : : : ; ng �h�?�2 �`���M�F �T�Q�b�B�i�B�Q�M �Q�7 �B�i�2�Ki �7�Q�` �m�b�2�`u �B�M �`�Q�m�M�/w
Rk

u �h�?�2 �i�Q�Tk �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �7�Q�` �m�b�2�`u
Rk

u;w �h�?�2 �i�Q�Tk �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �7�Q�` �m�b�2�`u �B�M �`�Q�m�M�/w
R �h�?�2 �b�2�i �Q�7 �i�Q�Tk �m�M�B�[�m�2 �B�i�2�K�b �`�2�+�Q�K�K�2�M�/�2�/ �i�Q ���H�H �m�b�2�`�b
1A (x) = 1 �B�7x 2 A �- �2�H�b�2 �y �A�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�M

�h���#�H�2 �k�X�k�, �1�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b �m�b�2�/ �B�M �7���B�`�M�2�b�b �K�2���b�m�`�2�b�X

�1�[�m���i�B�Q�M �J�2���b�m�`�2 �_�2�7�2�`�2�M�+�2

�m�M�B�7�Q�`�Ke�m�M�B�7(u; i ) � 1; 8(u; i ) �C���B�M�- �Z�6�-
�1�M�i�- �:�B�M�B�-
�6�a���i�- �o�Q�*�.

�(�3�8�- �R�y�R�- �R�e�d�-
�k�y�y�-�k�k�d�-�k�e�9�)

�.�*�: e�.�*�: (u; i; w) = 1/ �H�Q�;2(z(u; i; w) + 1) �:�B�M�B�@�r �(�e�y�)
�_�"�S e�_�"�S(u; i; w) = 
 z(u;i;w )� 1 �A�A�@�.�- ���A�@�. �(�k�j�9�)

�k�X�k�A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b

�q�2 �T�`�2�b�2�M�i �Q�m�` �M�Q�i���i�B�Q�M �Ux�k�X�k�X�R�V ���M�/ �i�?�2 �2�B�;�?�i �2�t�T�Q�b�m�`�2�@�#���b�2�/ �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�b
�Q�7 �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �i�?���i �r�2 �b�i�m�/�v �B�M �i�?�B�b �r�Q�`�F �Ux�k�X�k�X�k�V�X �h�Q �i�?�2 �#�2�b�i �Q�7 �Q�m�`
�F�M�Q�r�H�2�/�;�2�- �i�?�2�b�2 �2�B�;�?�i �K�2���b�m�`�2�b ���`�2 ���H�H �i�?�2 �K�2���b�m�`�2�b �Q�7 �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �i�?���i
�2�t�B�b�i �B�M �_�a�b�X�k �a�2�p�2�`���H �Q�7 �i�?�2�b�2 �K�2���b�m�`�2�b ���`�2 �i���F�2�M �7�`�Q�K �(�k�k�3�)�X

�j�8



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�k�X�k�X�R�L�Q�i���i�B�Q�M ���M�/ �1�t���K�B�M���i�B�Q�M �6�m�M�+�i�B�Q�M�b

�:�B�p�2�M �� �b�2�i �Q�7 �m�b�2�`�bU = f u1; u2; : : : ; umg�- �r�B�i�?jUj = m�- ���M�/ �� �b�2�i �Q�7 �B�i�2�K�bI =
f i 1; i2; : : : ; ing�- �r�B�i�?jI j = n�- �7�Q�` �2���+�? �m�b�2�`u 2 U �r�2 �`���M�F ���H�Hn �B�i�2�K�b �i�Q �T�`�Q�/�m�+�2
�i�?�2 �7�m�H�H �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�X �h�?�2 �H�B�b�i �Q�7 �i�?�2 �i�Q�Tk �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �i�Q �m�b�2�`u �B�b
Rk

u �- ���M�/ �i�?�2 �b�2�i �Q�7 ���H�H �i�Q�Tk �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �i�Q ���H�H �m�b�2�`�b �B�bR =
S

u2 U Rk
u �X �A�7u

�}�M�/�b �i�?�2 �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�Ki �`�2�H�2�p���M�i�- �r�2 �r�`�B�i�2ru;i = 1�- �Q�i�?�2�`�r�B�b�2ru;i = 0�X �h�?�2
�`���M�F �T�Q�b�B�i�B�Q�M �Q�7 �B�i�2�Ki �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �7�Q�` �m�b�2�`u �B�bz(u; i )�X ���b �i�?�2�`�2 �2�t�B�b�i
�7���B�`�M�2�b�b �K�2���b�m�`�2�b �i�?���i �+�Q�M�b�B�/�2�` �K�m�H�i�B�T�H�2 �`�Q�m�M�/�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�- �r�2 ���H�b�Q �m�b�2 �i�?�2
�7�Q�H�H�Q�r�B�M�; �M�Q�i���i�B�Q�M�b �7�Q�` �b�m�+�? �K�2���b�m�`�2�b�, �i�?�2 �`���M�F �T�Q�b�B�i�B�Q�M �Q�7 �B�i�2�Ki �7�Q�` �m�b�2�`u �B�M �`�Q�m�M�/
w �B�bz(u; i; w) ���M�/Rk

u;w �B�b �i�?�2 �H�B�b�i �Q�7 �i�?�2 �i�Q�Tk �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �i�Q �m�b�2�`u �B�M �`�Q�m�M�/
w�X �h���#�X�k�X�R�b�m�K�K���`�B�x�2�b �Q�m�` �M�Q�i���i�B�Q�M�X

�6���B�`�M�2�b�b �7�Q�` �B�M�/�B�p�B�/�m���H �B�i�2�K�b �B�b �+�H�Q�b�2�H�v �H�B�M�F�2�/ �i�Q �2�t�T�Q�b�m�`�2�- �r�?�B�+�? �B�b �B�/�2�M�i�B�}�2�/ ���b
�i�?�2 ���T�T�2���`���M�+�2 �Q�7 ���M �B�i�2�K �B�M �i�?�2 �i�Q�Tk �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �7�Q�` �� �m�b�2�`�X �1�t�T�Q�b�m�`�2 �+���M �#�2
�[�m���M�i�B�}�2�/ �B�M �b�2�p�2�`���H �r���v�b �m�b�B�M�; �/�B�z�2�`�2�M�i �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�be(�) �B�M �p���`�B�Q�m�b �#�B�M���`�v
�Q�` �;�`���/�2�/ �r���v�b�X �1�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b ���`�2 �7�m�M�+�i�B�Q�M�b �K�Q�/�2�H�H�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 ��
�m�b�2�` �b�2�2�B�M�; ���M �B�i�2�K �i�?���i �B�b �2�t�T�Q�b�2�/ �i�Q �i�?�2 �m�b�2�`�X ���H�H �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b �B�M �i�?�B�b
�T���T�2�` ���b�b�m�K�2 �i�?���i �i�?�B�b �T�`�Q�#���#�B�H�B�i�v �Q�M�H�v �/�2�T�2�M�/�b �Q�Mz(u; i )�- �i�?�2 �`���M�F �T�Q�b�B�i�B�Q�M �Q�7 ���M
�B�i�2�Ki �7�Q�` �m�b�2�`u�X �h���#�X�k�X�k�T�`�2�b�2�M�i�b �i�?�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b �m�b�2�/ �#�v �i�?�2 �B�M�/�B�p�B�/�m���H
�B�i�2�K �7���B�`�M�2�b�b �K�2���b�m�`�2�b �i�?���i ���`�2 �B�M�+�H�m�/�2�/ �B�M �i�?�B�b �T���T�2�`�X �h�?�2�b�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b
���T�T�H�v �2�B�i�?�2�` �M�Q �/�B�b�+�Q�m�M�i�- �H�Q�;���`�B�i�?�K�B�+ �/�B�b�+�Q�m�M�i�- �Q�` �2�t�T�Q�M�2�M�i�B���H�@�H�B�F�2 �/�B�b�+�Q�m�M�i�B�M�;�X

�h�?�2 �b�B�K�T�H�2�b�i �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M �B�b �m�M�B�7�Q�`�K�-e�m�M�B�7�- ���M�/ ���b�b�m�K�2�b �� �+�Q�M�b�i���M�i
�r�2�B�;�?�i �Q�71 �7�Q�` �2���+�? �`���M�F �T�Q�b�B�i�B�Q�M �(�3�8�- �R�y�R�- �R�e�d�- �k�y�y�- �k�k�d�- �k�e�9�)�X �h�?�2 �i�r�Q �Q�i�?�2�`
�2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b ���`�2e�.�*�: �(�e�y�) ���M�/e�_�"�S �(�k�j�9�)�- �r�?�B�+�? �m�b�2 �i�?�2 �/�B�b�+�Q�m�M�i �7�m�M�+�@
�i�B�Q�M �#���b�2�/ �Q�M �.�B�b�+�Q�m�M�i�2�/ �*�m�K�m�H���i�B�p�2 �:���B�M �U�.�*�:�V �(�R�y�k�) ���M�/ �_���M�F�@�"�B���b�2�/ �S�`�2�+�B�b�B�Q�M
�U�_�"�S�V �(�R�8�9�) �`�2�b�T�2�+�i�B�p�2�H�v�X �A�Me�_�"�S�- �i�?�2 �T���`���K�2�i�2�`
 �B�b �i�?�2 �m�b�2�`�ö�b �T���i�B�2�M�+�2�- �B�X�2�X�- �i�?�2
�T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �m�b�2�` �2�t���K�B�M�B�M�; �i�?�2 �M�2�t�i �`���M�F�2�/ �B�i�2�K�X �6�Q�` �2�t���K�T�H�2�-
 = 0:8 �B�M
�(�k�j�9�) ���M�/
 = 0:5 �B�M �(�8�e�)�X

�k�X�k�X�k�J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b

�q�2 �T�`�2�b�2�M�i �i�?�2 �2�B�;�?�i �K�2���b�m�`�2�b �i�?���i �b�Q �7���` �?���p�2 �#�2�2�M �m�b�2�/ �i�Q �[�m���M�i�B�7�v �7���B�`�M�2�b�b �7�Q�`
�B�M�/�B�p�B�/�m���H �B�i�2�K�b �U�r�B�i�?�Q�m�i �+�Q�M�b�B�/�2�`�B�M�; �B�i�2�K �`�2�H�2�p���M�+�2�V�- ���b �r�2�H�H ���b �i�?�2 �+�Q�M�i�2�t�i �B�M �r�?�B�+�?
�i�?�2�v ���`�2 �m�b�2�/ �B�M �i�?�2 �Q�`�B�;�B�M���H �r�Q�`�F�X �q�2 �m�b�2 �i�?�2 �b�m�#�b�+�`�B�T�i��Q�`�B�i�Q �/�2�M�Q�i�2 �i�?�2 �Q�`�B�;�B�M���H
�7�Q�`�K�m�H���i�B�Q�M �Q�7 �� �K�2���b�m�`�2 ���b �Q�T�T�Q�b�2�/ �i�Q �Q�m�` �+�Q�`�`�2�+�i�2�/ �p�2�`�b�B�Q�M �i�?���i �r�2 �T�`�2�b�2�M�i �H���i�2�` �B�M
x�k�X�9�X �L�Q�i�2 �i�?���i �i�?�2�b�2 �K�2���b�m�`�2�b ���`�2 �i�v�T�B�+���H�H�v �m�b�2�/ �r�B�i�? �� �}�t�2�/ �+�m�i�@�Q�zk�- ���M�/ �i�?�2�`�2�7�Q�`�2
�i�?�2 �M�m�K�#�2�` �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�bkm �B�b ���H�b�Q �}�t�2�/�X

�k�"���b�2�/ �Q�M �T�m�#�H�B�+���i�B�Q�M�b �m�T �i�Q ���m�;�m�b�i �k�y�k�k�X

�j�e



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�k�X�k�X�k�X�R�C���B�M�ö�b �A�M�/�2�t �U�C���B�M�V �(�R�y�R�)

�C���B�M�- �r�?�B�+�? �r���b �Q�`�B�;�B�M���H�H�v �/�2�}�M�2�/ �7�Q�` �7���B�`�M�2�b�b �B�M �+�Q�K�T�m�i�2�` �M�2�i�r�Q�`�F�b�- �?���b �#�2�2�M �m�b�2�/
�B�M �_�a�b �(�k�e�9�) �i�Q �K�2���b�m�`�2 �?�Q�r �+�Q�M�b�B�b�i�2�M�i �B�i�2�K �2�t�T�Q�b�m�`�2 �B�b �B�M �`�2�H���i�B�Q�M �i�Q �i�?�2 �M�m�K�#�2�`
�Q�7 �i�B�K�2�b ���M �B�i�2�K �B�b �`�2�+�Q�K�K�2�M�/�2�/�X �h�?�2 �Q�`�B�;�B�M���H �r�Q�`�F �m�b�2�b �i�?�B�b �K�2���b�m�`�2 �i�Q �2�p���H�m���i�2
�ó�7���B�`�M�2�b�b �Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �Q�T�T�Q�`�i�m�M�B�i�v�ô�X �C���B�M �B�b �i�?�2 �`���i�B�Q �#�2�i�r�2�2�M �i�?�2 �b�[�m���`�2
�Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b ���M�/ �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�b �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7
�i�B�K�2�b �2���+�? �B�i�2�K �B�b �`�2�+�Q�K�K�2�M�/�2�/�- �r�?�2�`�2 �i�?�2 �`���i�B�Q �B�b �/�B�p�B�/�2�/ �#�v �i�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�K�b
�B�M �i�?�2 �/���i���b�2�i�X �A�i �B�b �+���H�+�m�H���i�2�/ ���b �7�Q�H�H�Q�r�b�,
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�r�?�2�`�21Rk
u
(i ) = 1 �B�7 �B�i�2�Ki �B�b �B�M �i�?�2 �i�Q�Tk �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �7�Q�` �m�b�2�`u�- ���M�/ �y �Q�i�?�2�`�r�B�b�2�XP

u2 U 1Rk
u
(i ) �+�Q�m�M�i�b �?�Q�r �K���M�v �i�B�K�2�b �B�i�2�Ki �B�b �`�2�+�Q�K�K�2�M�/�2�/ �B�M �i�?�2 �i�Q�Tk ���+�`�Q�b�b

���H�H �m�b�2�`�b�X �h�?�2 �`���M�;�2 �Q�7 �1�[�X �U�k�X�R�V �B�b[0; 1]�X�j �h�?�2 �`���M�;�2 �Q�7 �C���B�M �K���i�i�2�`�b ���b �(�k�e�9�)
���M���H�v�b�2�/ �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2�b �Q�7 �C���B�M�- �B�M ���/�/�B�i�B�Q�M �i�Q �Q�#�b�2�`�p�B�M�; �i�?�2 �/�B�z�2�`�2�M�+�2 �Q�7 �i�?�2
�b�+�Q�`�2�b�X �h�?�2 �?�B�;�?�2�` �i�?�2 �C���B�M �b�+�Q�`�2�- �i�?�2 �7���B�`�2�` �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �r�B�i�? �`�2�b�T�2�+�i �i�Q
�B�M�/�B�p�B�/�m���H �B�i�2�K�b �U�B�X�2�X�- �B�i�2�K�b ���`�2 �2�t�T�Q�b�2�/ �+�Q�M�b�B�b�i�2�M�i�H�v �r�B�i�? �`�2�b�T�2�+�i �i�Q �Q�i�?�2�` �B�i�2�K�b �B�M
�i�?�2 �/���i���b�2�i�V�X �1�X�;�X�- �B�760�W �Q�7 �i�?�2 �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i ���`�2 �2�t�T�Q�b�2�/ �2�[�m���H�H�v �i�Q ���H�H
�m�b�2�`�b�- �7�Q�` �B�M�b�i���M�+�2�-R3

u1
= [ i 1; i2; i3]; R3

u2
= [ i 4; i5; i6]; n = 10�- �i�?�2�M �C���B�M= 0:6�X

�>�Q�r�2�p�2�`�- �i�?�B�b �B�M�i�2�`�T�`�2�i���i�B�Q�M �/�Q�2�b �M�Q�i �?�Q�H�/ ���M�/ �#�2�+�Q�K�2�b �H�2�b�b �B�M�i�m�B�i�B�p�2 �r�?�2�M �B�i�2�K�b ���`�2
�M�Q�i �2�t�T�Q�b�2�/ �2�[�m���H�H�v�- �r�?�B�+�? �B�b �Q�7�i�2�M �i�?�2 �+���b�2�X �6�Q�` �B�M�b�i���M�+�2�-R3

u1
= [ i 1; i2; i3]; R3

u2
=

[i 1; i2; i4]; R3
u3

= [ i 1; i5; i6]; n = 10�X �A�M �i�?�B�b �+���b�2�-60�W �Q�7 �i�?�2 �B�i�2�K�b ���`�2 �2�t�T�Q�b�2�/ �#�m�i
�C���B�M= 0:476�X �A�M �`�2���H�@�H�B�7�2�- �B�i �B�b �m�M�H�B�F�2�H�v �i�?���i �B�i�2�K�b ���`�2 �2�t�T�Q�b�2�/ �2�[�m���H�H�v�- �r�?�B�+�? �K�2���M�b
�i�?���i �C���B�M�ö�b �B�M�i�2�`�T�`�2�i���i�B�Q�M �b�m�z�2�`�b �7�`�Q�K �i�?�B�b �H�B�K�B�i���i�B�Q�M�- �K�Q�`�2 �Q�7�i�2�M �i�?���M �M�Q�i�X

�k�X�k�X�k�X�k�Z�m���H�B�}�+���i�B�Q�M �6���B�`�M�2�b�b �U�Z�6�V �(�k�e�9�)

�Z�6 �B�b �� �K�Q�/�B�}�+���i�B�Q�M �Q�7 �C���B�M �i�?���i �K�2���b�m�`�2�b �?�Q�r �K���M�v �B�i�2�K�b ���`�2 �B�M �i�?�2 �b�2�i �Q�7 �i�Q�Tk
�`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�bR�- �/�B�p�B�/�2�/ �#�vn�- �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i�X �h�?�2
���m�i�?�Q�`�b �Q�7 �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2 �2�t�T�H���B�M�2�/ �B�M �(�k�e�9�) �i�?���i �i�?�2 �K�2���b�m�`�2 �Q�M�H�v �+�Q�M�b�B�/�2�`�b
�r�?�2�i�?�2�` ���M �B�i�2�K �B�M �i�?�2 �/���i���b�2�i �B�b �`�2�+�Q�K�K�2�M�/�2�/�- ���b �Q�T�T�Q�b�2�/ �i�Q �?�Q�r �K���M�v �i�B�K�2�b �B�i �B�b
�`�2�+�Q�K�K�2�M�/�2�/�X

�j �h�?�B�b �`���M�;�2 �B�b �#���b�2�/ �Q�M �i�?�2 �Q�`�B�;�B�M���H �T���T�2�`�- �(�R�y�R�)

�j�d



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v
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�U�k�X�k�V

�h�?�2 �Z�6 �`���M�;�2 �B�b[0; 1]�X �h�?�2 �?�B�;�?�2�` �i�?�2 �b�+�Q�`�2�- �i�?�2 �7���B�`�2�` �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X ���H�Q�M�;
�r�B�i�? �i�?�2 �`�2�H���i�B�p�2 �+�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2 �Z�6 �b�+�Q�`�2�b�- �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2�b �Q�7 �Z�6 �b�+�Q�`�2�b ���`�2
���H�b�Q �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i �B�M �(�R�9�d�- �k�e�9�)�- �r�?�2�`�2 �� �b�+�Q�`�2 �Q�71 �K�2���M�b �i�?���i ���H�H �B�i�2�K�b �B�M
�i�?�2 �/���i���b�2�i ���`�2 �B�M �i�?�2 �i�Q�Tk ���i �H�2���b�i �Q�M�+�2�X �6�Q�`�K���H�H�v�- �Z�6 �U�1�[�X�k�X�k�V �B�b �2�[�m�B�p���H�2�M�i �i�Q
�*�Q�p�2�`���;�2 �(�N�3�)�- �� �K�2���b�m�`�2 �Q�7 �/�B�p�2�`�b�B�i�v�- �r�?�B�+�? �?���b �#�2�2�M �m�b�2�/ �i�Q �2�p���H�m���i�2 �7���B�`�M�2�b�b �i�Q�Q
�(�R�9�d�)�X

�k�X�k�X�k�X�j�1�M�i�`�Q�T�v �U�1�M�i�V �(�k�y�y�)

�1�M�i �K�2���b�m�`�2�b �?�Q�r �m�M�B�7�Q�`�K �i�?�2 �2�t�T�Q�b�m�`�2 �Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �B�b �(�R�9�d�- �R�9�3�-
�R�e�d�)�X �A�M �(�R�e�d�)�- �G�Q�`�2�M�x �+�m�`�p�2�b �r�2�`�2 �m�b�2�/ �i�Q �/�2�i�2�+�i �K���b�b�B�p�2 �/�B�z�2�`�2�M�+�2�b �B�M �B�M�/�B�p�B�/�m���H
�B�i�2�K �2�t�T�Q�b�m�`�2�b ���M�/ �i�?�2�`�2�7�Q�`�2�- �1�M�i�`�Q�T�v�@�H�B�F�2 �K�2���b�m�`�2 �r���b �T�`�Q�T�Q�b�2�/ �i�Q �[�m���M�i�B�7�v �i�?�2
�B�M�2�[�m���H�B�i�v �Q�7 �B�i�2�K �2�t�T�Q�b�m�`�2�,

�1�M�i�Q�`�B= �
X

i 2 I

p(i ) �H�Q�;p(i ) ���M�/ p(i ) =

P

u2 U
1Rk

u
(i )

km
�U�k�X�j�V

�r�?�2�`�2p(i ) �B�b �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �7�`�2�[�m�2�M�+�v �Q�7i �- �B�X�2�X�- �?�Q�r �Q�7�i�2�M �B�i�2�Ki �B�b �`�2�+�Q�K�@
�K�2�M�/�2�/ �B�M �i�?�2 �i�Q�Tk �i�Q ���M�v �m�b�2�` �B�M �i�?�2 �/���i���b�2�i�- �/�B�p�B�/�2�/ �#�v �i�?�2 ���p���B�H���#�H�2 �`�2�+�Q�K�K�2�M�@
�/���i�B�Q�M �b�H�Q�i�bkm�X �A�M �(�R�e�d�)�- �H�Q�; �B�b �i�?�2 �H�Q�; �#���b�2�@n�X �A�i �B�b �m�M�+�H�2���` �r�?���i �H�Q�; �#���b�2 �B�b �m�b�2�/ �B�M
�(�R�9�d�-�R�9�3�)�X �q�?�2�M �i�?�2 �H�Q�; �#���b�2 �B�bb�- �1�M�i �`���M�;�2�b �#�2�i�r�2�2�M[0; �H�Q�;b n] �r�?�B�H�2 �7�Q�` �H�Q�; �#���b�2�@n�-
�i�?�2 �`���M�;�2 �B�b[0; 1]�X

�A�M �i�?�2 �T���b�i�- �i�?�B�b �K�2���b�m�`�2 �?���b �#�2�2�M �m�b�2�/ �#�v �(�R�9�d�- �R�9�3�- �R�e�d�) �i�Q �+�Q�K�T���`�2 �`�2�+�Q�K�@
�K�2�M�/�2�` �K�Q�/�2�H�b �m�b�B�M�; ���#�b�Q�H�m�i�2 �p���H�m�2�b�- �r�?�2�`�2 �� �?�B�;�?�2�` �1�M�i �B�b �B�M�i�2�`�T�`�2�i�2�/ ���b �?���p�B�M�; ��
�K�Q�`�2 �m�M�B�7�Q�`�K �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b�- ���M�/ �i�?�m�b �7���B�`�2�`�X

�k�X�k�X�k�X�9�:�B�M�B �A�M�/�2�t �U�:�B�M�B�V �(�3�8�)

�:�B�M�B �B�b �� �K�2���b�m�`�2 �Q�7 �p���`�B���#�B�H�B�i�v �B�X�2�X�- �i�?�2 �K�2���M �/�B�z�2�`�2�M�+�2 �7�`�Q�K ���H�H �Q�#�b�2�`�p�2�/ �[�m���M�i�B�i�B�2�b
�(�j�d�)�X �A�i �B�b �K�Q�b�i �+�Q�K�K�Q�M�H�v �m�b�2�/ �i�Q �K�2���b�m�`�2 �B�M�2�[�m���H�B�i�v �B�M �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �2�+�Q�M�Q�K�B�+
�B�M�+�Q�K�2�- �r�?�2�`�2 �i�?�2 �B�M�i�m�B�i�B�Q�M �B�b �i�?���i �� �:�B�M�B �b�+�Q�`�2 �Q�7 �R �K�2���M�b �i�?���i �Q�M�2 �2�M�i�B�i�v �`�2�+�2�B�p�2�b
���H�H �i�?�2 �B�M�+�Q�K�2�X �a�B�K�B�H���`�H�v �B�M �_�a�b�- �B�i �B�b �m�b�2�/ �i�Q �K�2���b�m�`�2 �?�Q�r �K�m�+�? �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7
�B�i�2�K �2�t�T�Q�b�m�`�2 �/�2�p�B���i�2�b �7�`�Q�K ���M �2�[�m���H�f�m�M�B�7�Q�`�K �/�B�b�i�`�B�#�m�i�B�Q�M �(�8�N�-�e�y�-�R�9�d�)�X �6�Q�`�K���H�H�v�-
�:�B�M�B �B�b �/�2�}�M�2�/ ���b �7�Q�H�H�Q�r�b�,

�j�3



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�:�B�M�B�Q�`�B=

nP

j =1
(2j � n � 1)Ex j
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j =1
Ex j

���M�/ Ex j =
X
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WX
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1Rk
u;w

(x j ) � e(�)(u; x j ; w) �U�k�X�9�V

�r�?�2�`�2x j �B�b �i�?�2 �B�i�2�K �r�B�i�? �i�?�2j �@�i�? �H�2���b�i ���K�Q�m�M�i �Q�7Ex j �- �i�?�2 �i�Q�i���H �2�t�T�Q�b�m�`�2 �`�2�+�2�B�p�2�/
�#�v �i�?���i �B�i�2�K ���+�`�Q�b�bW �`�Q�m�M�/�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�X�9 W �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �`�Q�m�M�/�b�-
���M�/1Rk

u;w
(i ) = 1 �r�?�2�M �B�i�2�Ki �B�b �B�M �m�b�2�`u�ö�b �i�Q�Tk �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �B�M �`�Q�m�M�/w�X

�h�?�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�Me(�)(u; x j ; w) �m�b�2�/ �B�M �(�R�9�d�) �B�b �m�M�B�7�Q�`�K�-e�m�M�B�7(u; x j ; w) � 1
���M�/ �B�M �(�8�N�-�e�y�) �i�?�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�Me�.�*�: �U�b�2�2 �h���#�X�k�X�k�V �B�b �m�b�2�/�X �q�2 �`�2�7�2�` �i�Q �i�?�2
�H���i�i�2�` �+���b�2 ���b �:�B�M�B�@�r�X �:�B�M�B ���M�/ �:�B�M�B�@�r�ö�b �`���M�;�2 �B�b[0; 1]�- �r�?�2�`�2 �y �K�2���M�b �i�?���i �i�?�2�`�2 �B�b
���M �2�[�m���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �B�i�2�K �2�t�T�Q�b�m�`�2 �7�Q�` ���H�H �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i �U�7���B�`�2�b�i �+���b�2�V�X �h�?�2
�`���M�;�2 �B�b �B�K�T�Q�`�i���M�i �7�Q�` �i�?�2 �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v �Q�7 �i�?�2 �K�2���b�m�`�2�X �>���p�B�M�; ���M �B�M�i�2�`�T�`�2�i���#�H�2
�`���M�;�2 �B�b �K�Q�`�2 �B�K�T�Q�`�i���M�i �7�Q�` �?�Q�r �:�B�M�B ���M�/ �:�B�M�B�@�r �[�m���M�i�B�7�v �7���B�`�M�2�b�b �r�?�2�M �H�Q�Q�F�B�M�;
���i �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2�b �Q�7 �i�?�2 �K�2���b�m�`�2�- �H�B�F�2 �B�M �(�e�y�- �R�9�d�)�- �i�?���M �r�?�2�M �H�Q�Q�F�B�M�; ���i �i�?�2
�/�B�z�2�`�2�M�+�2 �B�M �K�Q�/�2�H �`���M�F�B�M�;�b�- �H�B�F�2 �B�M �(�8�N�)�X

�k�X�k�X�k�X�8�6�`���+�i�B�Q�M �Q�7 �a���i�B�b�}�2�/ �A�i�2�K�b �U�6�a���i�V �(�R�e�d�)

�6�a���i �B�b �/�2�}�M�2�/ �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �K���t�B�K�B�M�@�b�?���`�2�/ �7���B�`�M�2�b�b�- �r�?�2�`�2 �7���B�`�M�2�b�b �K�2���M�b
�i�?���i �2���+�? �B�i�2�K �B�b �`�2�+�Q�K�K�2�M�/�2�/ ���i �H�2���b�ikm

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

km
n

�
�i�B�K�2�b �U�i�?�2 �K���t�B�K�B�M �b�?���`�2�V �7�Q�` �B�i �i�Q �#�2 �� �7���B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X ���M �B�i�2�K �B�b

�b���i�B�b�}�2�/ �B�z �B�i�b �2�t�T�Q�b�m�`�2 �B�b �K�Q�`�2 �i�?���M �Q�` �2�[�m���H �i�Q �i�?�2 �K���t�B�K�B�M �b�?���`�2�X �6�a���i �K�2���b�m�`�2�b
�i�?�2 �M�m�K�#�2�` �Q�7 �b���i�B�b�}�2�/ �B�i�2�K�b �/�B�p�B�/�2�/ �#�v �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �B�i�2�K�b�,

�6�a���i�Q�`�B=
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�r�?�2�`�2� (�) = 1 �r�?�2�M �i�?�2 �2�t�T�`�2�b�b�B�Q�M� �B�b �h�`�m�2 ���M�/ �y �Q�i�?�2�`�r�B�b�2�X �6�a���i �?���b �� �`���M�;�2 �Q�7
[0; 1]�- ���M�/ �i�?�2 �?�B�;�?�2�`�- �i�?�2 �7���B�`�2�`�X �h�?�2 �`���M�;�2 �Q�7 �p���H�m�2�b �K���i�i�2�`�b�- �7�Q�` �2�t���K�T�H�2 �(�R�e�d�) �?���b
�m�b�2�/ �#�Q�i�? ���#�b�Q�H�m�i�2 �p���H�m�2�b ���M�/ �/�B�z�2�`�2�M�+�2 �B�M �p���H�m�2�b �i�Q �B�M�i�2�`�T�`�2�i �6�a���i�X

�9�h�?�B�b �B�b �i�?�2 �i�Q�i���H �2�t�T�Q�b�m�`�2 �`�2�+�2�B�p�2�/ �#�v �2���+�? �B�i�2�K�- �B�M�+�H�m�/�B�M�; �B�i�2�K�b �i�?���i ���`�2 �M�Q�i �`�2�+�Q�K�K�2�M�/�2�/ �i�Q
���M�v �m�b�2�`�b�X �h�?�2 �b�+�Q�`�2�b ���`�2 �b�Q�`�i�2�/ ���bEx 1; Ex 2; : : : Ex n �X �h�B�2�b �#�2�i�r�2�2�MEx j �ö�b �/�Q �M�Q�i ���z�2�+�i �i�?�2 �}�M���H
�b�+�Q�`�2�X

�j�N



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�k�X�k�X�k�X�e�o�B�Q�H���i�B�Q�M �Q�7 �*�Q�p�2�`���;�2 �.�B�b�T���`�B�i�v �U�o�Q�*�.�V �(�k�k�d�)

�o�Q�*�. �B�b �� �7���B�`�M�2�b�b �+�Q�M�b�i�`���B�M�i�X �A�M �(�k�k�d�)�- �o�Q�*�. �B�b �m�b�2�/ �i�Q �Q�T�i�B�K�B�b�2 �i�?�2 �`�2�+�Q�K�K�2�M�/���@
�i�B�Q�M�b �7�Q�` �7���B�`�M�2�b�b �/�m�`�B�M�; �i�?�2 �i�`���B�M�B�M�; �T�`�Q�+�2�b�b�- �#�m�i �M�Q�i �m�b�2�/ �7�Q�` �2�p���H�m���i�B�M�; �i�?�2 �}�M���H
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �Q�m�i�T�m�i�X �q�2 �B�M�+�H�m�/�2 �o�Q�*�. �B�M �i�?�B�b �r�Q�`�F �i�Q �T�`�Q�p�B�/�2 �B�M�b�B�;�?�i�b �B�M�i�Q
�r�?���i �i�`���M�b�T�B�`�2�b �r�?�2�M �o�Q�*�. �B�b �m�b�2�/ ���b ���M �2�p���H�m���i�B�Q�M �K�2���b�m�`�2 �B�M �B�i�b �+�m�`�`�2�M�i �7�Q�`�K�m�H���@
�i�B�Q�M�X �o�Q�*�. �B�b ���H�b�Q �i�?�2 �Q�M�H�v �K�2���b�m�`�2 �Q�T�2�`���i�B�M�; �Q�M �i�?�2 �G�B�T�b�+�?�B�i�x �+�Q�M�/�B�i�B�Q�M �(�e�j�)�- �r�?�B�+�?
�`�2�[�m�B�`�2�b �b�B�K�B�H���` �B�M�/�B�p�B�/�m���H�b �i�Q �#�2 �i�`�2���i�2�/ �b�B�K�B�H���`�H�v�X �h�?�2 �B�/�2�� �#�2�?�B�M�/ �o�Q�*�. �B�b �i�?���i
���M�v �i�r�Q� �@�b�B�K�B�H���` �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �b�?�Q�m�H�/ �`�2�+�2�B�p�2 �b�B�K�B�H���` �+�Q�p�2�`���;�2�X �h�r�Q �/�B�b�i�B�M�+�i
�B�i�2�K�bi; i 0 2 R ���`�2� �@�b�B�K�B�H���` �B�7d(i; i 0) = 1 � sim(i; i 0) � � �- �r�?�2�`�2d(i; i 0) �B�b �i�?�2 �+�Q�b�B�M�2
�/�B�b�i���M�+�2 ���M�/sim(i; i 0) �B�b �i�?�2 �+�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �i�?�2 �2�K�#�2�/�/�B�M�;�b�8 �Q�7 �B�i�2�Ki
���M�/i 0 �`�2�b�T�2�+�i�B�p�2�H�v�- ���M�/� �B�b �� �T���`���K�2�i�2�`�X �a�B�K�B�H���` �+�Q�p�2�`���;�2 �K�2���M�b �i�?���i �i�?�2 �*�Q�p�2�`���;�2
�.�B�b�T���`�B�i�v �U�*�.�V �Q�7 �i�?�Q�b�2 �B�i�2�K�b�- �r�?�B�+�? �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2�B�` �2�t�T�Q�b�m�`�2 �/�B�z�2�`�2�M�+�2�-
�K�m�b�i �M�Q�i �2�t�+�2�2�/ �� �i�?�`�2�b�?�Q�H�/� �X �o�Q�*�. �i�?�m�b �K�2���b�m�`�2�b �i�?�2 ���p�2�`���;�2 �p�B�Q�H���i�B�Q�M �Q�7 �i�?�2
�K���t�B�K�m�K ���H�H�Q�r�2�/ �+�Q�p�2�`���;�2 �/�B�b�T���`�B�i�v� �B�M ���H�H �T���B�`�b �Q�7� �@�b�B�K�B�H���` �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b�,
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�r�?�2�`�2A �B�b �i�?�2 �b�2�i �Q�7 ���H�H �T���B�`�b �Q�7� �@�b�B�K�B�H���` �B�i�2�K�b ���M�/CD(i; i 0) �B�b �i�?�2 �+�Q�p�2�`���;�2 �/�B�b�T���`�B�i�v
�#�2�i�r�2�2�M �B�i�2�Ki ���M�/i 0�X �o�Q�*�.= 0 �K�2���M�b �i�?���i �i�?�2�`�2 �B�b �M�Q �p�B�Q�H���i�B�Q�M �Q�7 �+�Q�p�2�`���;�2
�/�B�b�T���`�B�i�v �#�2�i�r�2�2�M ���M�v �T���B�`�b �U�B�X�2�X�- �7���B�`�V�X �A�M �(�k�k�d�)�- �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2 �Q�7 �o�Q�*�. ���z�2�+�i�b
�i�?�2 �T���`���K�2�i�2�` �i�?���i �B�b �m�b�2�/ �i�Q �+�Q�M�i�`�Q�H �7���B�`�M�2�b�b �/�m�`�B�M�; �i�?�2 �i�`���B�M�B�M�; �T�`�Q�+�2�b�b�X �o�Q�*�.
�B�b �+�m�b�i�Q�K�B�b���#�H�2 �r�X�`�X�i�X �7���B�`�M�2�b�b ���M�/ �b�B�K�B�H���`�B�i�v�, �� �H�Q�r�2�`�e � �K�2���M�b �� �b�i�`�B�+�i�2�` �b�B�K�B�H���`�B�i�v
�`�2�[�m�B�`�2�K�2�M�i ���M�/ �� �H�Q�r�2�`� �K�2���M�b �� �b�i�`�B�+�i�2�` �7���B�`�M�2�b�b �`�2�[�m�B�`�2�K�2�M�i�X

�k�X�k�X�k�X�d�A�M�/�B�p�B�/�m���H�@�m�b�2�`�@�i�Q�@�B�M�/�B�p�B�/�m���H�@�B�i�2�K �/�B�b�T���`�B�i�v �U�A�A�@�.�V �(�k�j�9�)

�A�A�@�. �r���b �}�`�b�i �/�2�}�M�2�/ �#�v �(�8�e�) �i�Q �[�m���M�i�B�7�v �i�?�2 �K�2���M �b�[�m���`�2�/ �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �b�v�b�i�2�K
�2�t�T�Q�b�m�`�2 ���M�/ �`���M�/�Q�K �2�t�T�Q�b�m�`�2 �B�M �B�M�/�B�p�B�/�m���H �[�m�2�`�B�2�b ���M�/ �B�M�/�B�p�B�/�m���H �B�i�2�K�b�- �r�?�2�`�2
�i�?�2�`�2 �B�b �� �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �`���M�F�B�M�;�b �U�b�i�Q�+�?���b�i�B�+ �`���M�F�B�M�;�b�V�X �A�A�@�. �B�b �� �`�2�b�m�H�i�B�M�; �+�Q�K�T�Q�M�2�M�i

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

�e�h�?�B�b �B�b�H�Q�r�2�`�B�M�b�i�2���/ �Q�7�?�B�;�?�2�`���b �i�?�2 �Q�`�B�;�B�M���H ���m�i�?�Q�`�b �(�k�k�d�) �/�2�}�M�2�/ �i�?�2 �i�2�`�K� �@�b�B�K�B�H���` �B�i�2�K�b
�#���b�2�/ �Q�M �i�?�2 �+�Q�b�B�M�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �B�i�2�K�b �#�2�B�M�; �M�Q�i �K�Q�`�2 �i�?���M� �X

�9�y



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�Q�7 �/�2�+�Q�K�T�Q�b�B�M�; ���M�Q�i�?�2�` �K�2���b�m�`�2 �B�M �i�?�2 �Q�`�B�;�B�M���H �r�Q�`�F�- �r�?�B�+�? �[�m���M�i�B�}�2�b �B�i�2�K �7���B�`�M�2�b�b
�T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �B�i�2�K �`�2�H�2�p���M�+�2 �i�Q �m�b�2�`�b�X �A�i �r���b �`�2�/�2�}�M�2�/ �#�v �(�k�j�9�) �7�Q�`W �`�Q�m�M�/�b �Q�7
�`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �B�M �_�a�b ���b�,

�A�A�@�.�Q�`�B=
1
m

1
n

X

u2 U

X

i 2 I

�
Eu;i � E �

u;i

� 2
�U�k�X�d�V

Eu;i =
1

W

WX

w=1

1Rk
u;w

(i ) � e�_�"�S(u; i; w) ���M�/ E �
u;i =

1 � 
 k

n(1 � 
 )
�U�k�X�3�V

�r�?�2�`�2Eu;i �B�b �i�?�2 �2�t�T�2�+�i�2�/ �2�t�T�Q�b�m�`�2 �Q�7i �i�Qu ���b �T�2�` �� �b�i�Q�+�?���b�i�B�+ �`���M�F�B�M�; �T�Q�H�B�+�v�-E �
u;i

�B�b �i�?�2 �2�t�T�2�+�i�2�/ �2�t�T�Q�b�m�`�2 �Q�7i �i�Qu �#���b�2�/ �Q�M �� �m�M�B�7�Q�`�K�H�v �`���M�/�Q�K �/�B�b�i�`�B�#�m�i�B�Q�M �Q�p�2�` ���H�H
�T�2�`�K�m�i���i�B�Q�M�b �Q�7 �B�i�2�K�b�- ���M�/
 �B�b ���M ���`�#�B�i�`���`�B�H�v�@�b�2�i �T���`���K�2�i�2�` �7�Q�` �m�b�2�` �T���i�B�2�M�+�2�X �h�?�2
�2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M �#���b�2�/ �Q�M �_�"�S �U�b�2�2 �h���#�X�k�X�k�V �B�b �m�b�2�/ �B�MEu;i ���M�/ �i�?�2 �2�[�m���i�B�Q�M �Q�7
E �

u;i �B�b �/�2�`�B�p�2�/ �#���b�2�/ �Q�M �i�?�2 �b���K�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M �(�k�j�9�)�X �h�?�2 �`���M�;�2 �Q�7 �A�A�@�. �B�b �M�Q�i
�r�2�H�H�@�F�M�Q�r�M�-�d �#�m�i �� �H�Q�r�2�` �p���H�m�2 �K�2���M�b �� �7���B�`�2�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X �A�M �(�k�j�9�)�- �K�B�M�@�K���t
�M�Q�`�K���H�B�b���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �Q�M �A�A�@�. �T�Q�b�i�@�+�Q�K�T�m�i���i�B�Q�M�- �b�m�+�? �i�?���i �i�?�2 �`���M�;�2 �B�b[0; 1]�X
�h�?�B�b �`���M�;�2 �Q�7 �p���H�m�2�b �K���i�i�2�`�b�c �7�Q�` �2�t���K�T�H�2 �(�k�j�9�) �?���b �m�b�2�/ �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2�b �Q�7 �A�A�@�.
�i�Q ���M���H�v�b�2 �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2 �i�`���/�2�@�Q�z�- �B�M ���/�/�B�i�B�Q�M �i�Q �H�Q�Q�F�B�M�; ���i �i�?�2 �/�B�z�2�`�2�M�+�2 �B�M
�K�Q�/�2�H �`���M�F�B�M�;�b �#���b�2�/ �Q�M �A�A�@�. �b�+�Q�`�2�b�X

�k�X�k�X�k�X�3���H�H�@�m�b�2�`�b�@�i�Q�@�B�M�/�B�p�B�/�m���H�@�B�i�2�K �/�B�b�T���`�B�i�v �U���A�@�.�V �(�k�j�9�)

���A�@�. �+�Q�K�T�m�i�2�b �i�?�2 �K�2���M �Q�7 �i�?�2 �b�[�m���`�2�/ �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �b�v�b�i�2�K �2�t�T�Q�b�m�`�2 ���M�/
�`���M�/�Q�K �2�t�T�Q�b�m�`�2 �B�M �2���+�? �B�i�2�K�X ���A�@�. �B�b �b�B�K�B�H���` �i�Q �A�A�@�. �B�M �i�?�2 �b�2�M�b�2 �i�?���i �B�i �B�b �Q�`�B�;�B�@
�M���H�H�v �m�b�2�/ �7�Q�` �K�m�H�i�B�T�H�2 �`�Q�m�M�/�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b ���M�/ ���H�b�Q �� �+�Q�K�T�Q�M�2�M�i �`�2�b�m�H�i�B�M�;
�7�`�Q�K �i�?�2 �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 ���M�Q�i�?�2�` �K�2���b�m�`�2 �T�`�Q�T�Q�b�2�/ �#�v �(�k�j�9�) �i�?���i �+�Q�M�b�B�/�2�`�b �7���B�`�@
�M�2�b�b �r�X�`�X�i�X �`�2�H�2�p���M�+�2�X �>�Q�r�2�p�2�`�- �m�M�H�B�F�2 �A�A�@�.�- ���A�@�. �B�b �b�2�M�b�B�i�B�p�2 �i�Q �r�?�2�i�?�2�` ���M �B�i�2�K �B�b
�`�2�+�Q�K�K�2�M�/�2�/ �i�Q �K�m�H�i�B�T�H�2 �m�b�2�`�b �/�m�2 �i�Q �i�?�2 ���;�;�`�2�;���i�B�Q�M �Q�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �B�M �2�t�T�Q�b�m�`�2
�#�2�B�M�; �/�Q�M�2 �T�2�` �B�i�2�K�X
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�r�?�2�`�2Eu;i �-E �
u;i ���`�2 ���b �T�2�` �1�[�X �U�k�X�3�V�X �h�?�2 �`���M�;�2 �Q�7 ���A�@�. �B�b �M�Q�i �r�2�H�H�@�F�M�Q�r�M�- �#�m�i ��

�H�Q�r�2�` �p���H�m�2 �K�2���M�b �7���B�`�2�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X �G�B�F�2 �Q�M �A�A�@�.�- �� �T�Q�b�i�@�+�Q�K�T�m�i���i�B�Q�M �K�B�M�@
�K���t �M�Q�`�K���H�B�b���i�B�Q�M �B�b ���H�b�Q �T�2�`�7�Q�`�K�2�/ �#�v �(�k�j�9�) �Q�M ���A�@�.�- �`�2�b�m�H�i�B�M�; �B�M ��[0; 1]�@�`���M�;�2�X �h�?�2
�`���M�;�2 �Q�7 �p���H�m�2�b �K���i�i�2�`�b�c �7�Q�` �B�M�b�i���M�+�2 �(�k�j�9�) �?���b �m�b�2�/ �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2�b �Q�7 ���A�@�. �i�Q

�d�h�?�2 ���m�i�?�Q�`�b �Q�7 �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2 �/�B�/ �M�Q�i �b�i���i�2 �i�?�2 �`���M�;�2 �Q�7 �A�A�@�.�X
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

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

�k�X�j �J�2���b�m�`�2 �G�B�K�B�i���i�B�Q�M�b

�q�2 �B�/�2�M�i�B�7�v5 �i�?�2�Q�`�2�i�B�+���H �H�B�K�B�i���i�B�Q�M�b �B�M �i�?�2 �K�2���b�m�`�2�b �T�`�2�b�2�M�i�2�/ �B�Mx�k�X�k�U�b�m�K�K���`�B�b�2�/
�B�M �h���#�X�k�X�9�V�X �q�2 �m�b�2 �i�?�2 �i�2�`�K �õ�H�B�K�B�i���i�B�Q�M�ö �B�M �i�?�2 �b�2�M�b�2 �i�?���i �`�2�;���`�/�H�2�b�b �Q�7 �i�?�2 �`�2���b�Q�M�-
�� �K�2���b�m�`�2 �7���B�H�b �i�Q �[�m���M�i�B�7�v �Q�` �7�m�H�}�H�H �T�`�Q�T�2�`�i�B�2�b �i�?���i ���`�2 �B�K�T�Q�`�i���M�i �7�Q�` �2�p���H�m���i�B�M�;
�7���B�`�M�2�b�b�X �a�Q�K�2 �Q�7 �i�?�2�b�2 �H�B�K�B�i���i�B�Q�M�b �`���`�2�H�v �Q�+�+�m�`�- �2�X�;�X �`�2�H���i�2�/ �i�Q �2�/�;�2 �+���b�2�b �Ux�k�X�j�X�9�V�-
�v�2�i �b�Q�K�2 ���`�2 �K�Q�`�2 �H�B�F�2�H�v �i�Q �Q�+�+�m�` �B�M �T�`���+�i�B�+���H �b�+�2�M���`�B�Q�b �Ux�k�X�j�X�R�� x�k�X�j�X�j�V�X �A�M �i�?�2
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�b�i�B�H�H �`�2�b�i�`�B�+�i�b �B�i�b �m�b���;�2 �m�M�/�2�` �i�?�2 �+�Q�M�/�B�i�B�Q�M�b �i�?���i �r�2 �2�t�T�H���B�M �#�2�H�Q�r�X �h�?�2 �B�/�2�M�i�B�}�2�/ �H�B�K�@
�B�i���i�B�Q�M�b ���`�2 �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/�2�` ���H�;�Q�`�B�i�?�K�- ���b �H�Q�M�; ���b �i�?�2 �`�2�+�Q�K�K�2�M�/�2�`
�B�b �� �i�Q�T�@k �`�2�+�Q�K�K�2�M�/�2�`�- �r�?�B�+�? �B�b �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�+�2�M���`�B�Q �B�M
�T�`���+�i�B�+�2�X �q�2 ���+�+�Q�K�T���M�v �2���+�? �K�2���b�m�`�2 �M���K�2 �#�v" �Q�#̀�- �/�2�M�Q�i�B�M�; �i�?���i �i�?�2 �?�B�;�?�2�` �U" �V
�Q�` �i�?�2 �H�Q�r�2�` �U#�V �i�?�2 �b�+�Q�`�2 �Q�7 �i�?�2 �K�2���b�m�`�2�- �i�?�2 �7���B�`�2�` �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X
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�h�?�B�b �B�b �� �M�Q�p�2�H �H�B�K�B�i���i�B�Q�M �B�/�2�M�i�B�}�2�/ �#�v �m�b ���M�/ ���z�2�+�i�b���H�H �K�2���b�m� �̀2�b�X �q�2 �/�2�}�M�2 �M�Q�M�@
�`�2���H�B�b���#�B�H�B�i�v ���b �i�?�2 �H�B�K�B�i���i�B�Q�M �r�?�2�`�2�#�v �i�?�2 �K���t�f�K�B�M �b�+�Q�`�2 �Q�7 �i�?�2 �2�p���H�m���i�B�Q�M �K�2���b�m�`�2
�+���M�M�Q�i �#�2 �`�2���+�?�2�/ ���i �i�?�2 �i�Q�T�@k�X ���b ���`�;�m�2�/ �B�M �(�R�8�j�)�- �� �/�2�b�B�`���#�H�2 �T�`�Q�T�2�`�i�v �Q�7 �2�z�2�+�@
�i�B�p�2�M�2�b�b �K�2���b�m�`�2�b �B�b �i�?�2�B�` �`�2���H�B�b���#�B�H�B�i�v�X �q�?�B�H�2 �i�?�2 �`�2���H�B�b���#�B�H�B�i�v �T�`�Q�T�2�`�i�v �B�M �(�R�8�j�) �B�b
�`�2�H���i�2�/ �i�Q �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�H�2�p���M�i �B�i�2�K�b�- �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �7�Q�` �7���B�`�M�2�b�b �K�2���b�m�`�2�b �B�b
�`�2�H���i�2�/ �i�Q �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b �Ukm�V ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�K�b �i�?���i
���`�2 �B�M �i�?�2 �/���i���b�2�i �Un�V�c �r�2 �2�t�T�H���B�M �i�?�B�b �`�2�H���i�B�Q�M�b�?�B�T �#�2�H�Q�r ���b �T���`�i �Q�7 �i�?�2 �+���m�b�2�b �Q�7 �i�?�B�b
�H�B�K�B�i���i�B�Q�M�X �A�M �T�`���+�i�B�+�2�- �i�?�2 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �H�B�K�B�i���i�B�Q�M �K���F�2�b �7���B�`�M�2�b�b �b�+�Q�`�2�b �?���`�/ �i�Q
�B�M�i�2�`�T�`�2�i �#�2�+���m�b�2 �r�?�2�M �i�?�2 �r�Q�`�b�i �Q�` �#�2�b�i �T�Q�b�b�B�#�H�2 �7���B�`�M�2�b�b �b�+�Q�`�2 �p���`�B�2�b �#���b�2�/ �Q�M �i�?�2
�/���i���b�2�i �Um�-n�V ���M�/ �2�t�T�2�`�B�K�2�M�i���H �+�?�Q�B�+�2 �Q�7 �i�?�`�2�b�?�Q�H�/k�- �B�i �B�b �m�M�F�M�Q�r�M �r�?�2�i�?�2�` �i�?�2
�7���B�`�M�2�b�b �b�+�Q�`�2 �Q�#�i���B�M�2�/ �7�Q�` �� �K�Q�/�2�H �B�b �+�H�Q�b�2�` �i�Q �i�?�2 �K���t �Q�` �K�B�M �b�+�Q�`�2�X �6�Q�` �B�M�b�i���M�+�2�-
�B�7 �� �?�B�;�?�2�`�@�B�b�@�7���B�`�2�` �K�2���b�m�`�2 �`���M�;�2�b �B�M[0; 1] ���M�/ �� �K�Q�/�2�H ���+�?�B�2�p�2�b �� �b�+�Q�`�2 �Q�70:2�- �Q�M�2
�K�B�;�?�i �i�?�B�M�F �i�?���i �i�?�2 �K�Q�/�2�H �B�b �M�Q�i �p�2�`�v �7���B�`�X �>�Q�r�2�p�2�`�- �B�7 �i�?�2 �K���t�B�K�m�K ���+�?�B�2�p���#�H�2
�b�+�Q�`�2 �7�Q�` �i�?���i �+���b�2 �U�2�X�;�X�- �B�7 ���H�H �i�Q�Tk �B�i�2�K�b ���`�2 �7���B�`�V �B�b0:22�- �i�?�2�M �i�?�2 �K�Q�/�2�H �K�B�;�?�i
���+�i�m���H�H�v �#�2 �7���B�`�- �#�m�i �i�?�B�b �+���M�M�Q�i �#�2 �F�M�Q�r�M �7�`�Q�K �i�?�2 �b�+�Q�`�2 �Q�7 �i�?�2 �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�X
�q�2 �B�/�2�M�i�B�7�v �7�Q�m�` �/�B�z�2�`�2�M�i �+���m�b�2�b �Q�7 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�X
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�L�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �+���M �Q�+�+�m�` �B�7 �i�?�2 �K�Q�b�i �m�M�7���B�` �b�+�Q�`�2 �B�b �Q�M�H�v �;�B�p�2�M �i�Q ���M �m�M�`�2���H�B�b�i�B�+
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�+�2�M���`�B�Q�- �r�?�B�+�? �r�2 �2�t�T�H���B�M �M�2�t�i ���b �B�i �/�B�z�2�`�b �T�2�` �K�2���b�m�`�2�X �a�T�2�+�B�}�@
�+���H�H�v�- �i�?�2 �b�+�Q�`�2 �+���M �M�2�p�2�` �#�2 �y �7�Q�`" �C���B�M�- �m�M�H�2�b�b �i�?�2 �M�m�K�#�2�` �Q�7 �b�H�Q�i�b �B�b �y�- �B�X�2�X�-k = 0 �Q�`
m = 0�- �r�?�B�+�? �/�Q�2�b �M�Q�i �K���F�2 �b�2�M�b�2 �#�2�+���m�b�2k = 0 �K�2���M�b �i�?���i �M�Q �`�2�+�Q�K�K�2�M�/���i�B�Q�M ���i
���H�H �B�b �Q�m�i�T�m�i�i�2�/�- ���M�/m = 0 �K�2���M�b �i�?���i �i�?�2�`�2 ���`�2 �x�2�`�Q �m�b�2�`�b �i�Q �`�2�+�Q�K�K�2�M�/ �i�Q�X �h�?�2
�b�+�Q�`�2 �Q�7" �1�M�i �+���M �Q�M�H�v �#�2 �y �r�?�2�M �i�?�2�`�2 ���`�2 �M�Q �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i �Un = 0�V�- �r�?�B�+�?
���H�b�Q �/�Q�2�b �M�Q�i �K���F�2 �b�2�M�b�2 �#�2�+���m�b�2 �B�i �K�2���M�b �i�?���i �i�?�2�`�2 �B�b �M�Q�i�?�B�M�; �i�Q �`�2�+�Q�K�K�2�M�/�X �6�Q�`
" �Z�6�f�6�a���i�- �i�?�2 �b�+�Q�`�2 �+���M �Q�M�H�v �#�2 �y �B�7 �i�?�2�`�2 ���`�2�M�Q�`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �i�Q���M�v�m�b�2�`�b
�UjRj = 0�V�- �r�?�B�+�? �/�Q�2�b �M�Q�i �K���F�2 �b�2�M�b�2 �2�B�i�?�2�`�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �i�?�2 �b�+�Q�`�2 �+���M �Q�M�H�v
�#�2 �R �7�Q�`#�:�B�M�B�f�:�B�M�B�@�r �r�?�2�M �� �b�B�M�;�H�2 �B�i�2�K �B�b �`�2�+�Q�K�K�2�M�/�2�/ ���i ���H�Hk �b�H�Q�i�b �7�Q�` �2���+�?
�m�b�2�`�- �r�?�B�+�? �B�b �� �?�B�;�?�H�v �m�M�H�B�F�2�H�v ���`�i�B�}�+�B���H �Q�m�i�+�Q�K�2�c �i�Q �Q�m�` �F�M�Q�r�H�2�/�;�2�- �M�Q �`�2���b�Q�M���#�H�v
�T�2�`�7�Q�`�K�B�M�; �`�2�+�Q�K�K�2�M�/�2�` �K�Q�/�2�H �+���M �T�`�Q�/�m�+�2 �b�m�+�? ���M �Q�m�i�T�m�i�X ���H�H �Q�7 �i�?�2 ���#�Q�p�2 �+�Q�M�@
�/�B�i�B�Q�M�b ���`�2 �m�M�`�2���H�B�b�i�B�+�X �� �+�Q�M�b�2�[�m�2�M�+�2 �Q�7 �i�?�2 ���#�Q�p�2 �B�b �i�?���i �7���B�`�M�2�b�b �B�b �Q�p�2�`�2�b�i�B�K���i�2�/
�#�v �i�?�2�b�2 �K�2���b�m�`�2�b�X �A�M�b�i�2���/ �Q�7 �i�?�2 �m�M�`�2���H�B�b�i�B�+ �b�B�i�m���i�B�Q�M�b ���#�Q�p�2�- �B�i �B�b �i�?�2 �`�2���H�B�b�i�B�+���H�H�v
�m�M�7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M �7�Q�`" �C���B�M�f�Z�6�f�1�M�i�f�6�a���i �i�?���i �b�?�Q�m�H�/ �#�2 �K���T�T�2�/ �i�Q �y ���M�/
�7�Q�`#�:�B�M�B�f�:�B�M�B�@�r �i�Q �R�X
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�h�?�2 �b�2�+�Q�M�/ �+���m�b�2 �Q�7 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �i�?���i �r�2 �B�/�2�M�i�B�7�v �B�b �i�?���i �r�?�2�M �i�?�2 �M�m�K�#�2�` �Q�7
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�bkm �B�b �H�2�b�b �i�?���M �i�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�K�bn�- �i�?�2�M �i�?�2 �b�+�Q�`�2 �+���M�M�Q�i
�#�2 �i�?�2 �7���B�`�2�b�i�- ���b �b�Q�K�2 �B�i�2�K�b �+���M�M�Q�i �#�2 �2�t�T�Q�b�2�/ �/�m�2 �i�Q �i�?�2 �H�B�K�B�i�2�/ ���p���B�H���#�B�H�B�i�v �Q�7
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b�X �h�?�B�b �K�2���M�b �i�?���i �i�?�2 �K���t �b�+�Q�`�2 �U�K�Q�b�i �7���B�`�V �+���M�M�Q�i �#�2 �`�2���+�?�2�/
�#�v �i�?�2 �K�2���b�m�`�2�- �2�p�2�M �B�7 ���H�H �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b ���`�2 �7���B�`�X �A�M �i�?�2 �/���i���b�2�i�b �B�M �h���#�X�k�X�e�-
km > n �7�Q�`k 2 f 10; 20g�- �#�m�i �7�Q�` �b�Q�K�2 �p�2�`�v �H���`�;�2 �/���i���b�2�i�b �H�B�F�2 �G�6�J�@�R�# �(�R�N�e�) �Q�`
�6�Q�m�`�b�[�m���`�2 �L�u�* �(�k�9�R�)�-km < n �X

�6�Q�` �A�A�@�. ���M�/ ���A�@�.�- �r�2 �b�?�Q�r �i�?���i �i�?�2 �b�+�Q�`�2 �+���M�M�Q�i �#�2 �i�?�2 �7���B�`�2�b�i�- �/�m�`�B�M�; �b�B�M�;�H�2 �Q�`
�K�m�H�i�B�T�H�2 �`�Q�m�M�/�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�X �6�Q�` �2�t���K�T�H�2�- �;�B�p�2�Mk = 1; m = 2; n = 3�- ���M�/
�+�Q�M�b�B�/�2�`�B�M�; ���H�H �T�Q�b�b�B�#�H�2 �Q�`�/�2�`�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �7�Q�` �� �b�B�M�;�H�2 �`�Q�m�M�/ �Q�7 �`�2�+�Q�K�K�2�M�@
�/���i�B�Q�M�- �i�?�2 �H�Q�r�2�b�i �b�+�Q�`�2�b �7�Q�` �A�A�@�. ���M�/ ���A�@�. ���`�2�k�f�N���M�/�R�f�R�3�`�2�b�T�2�+�i�B�p�2�H�v�X �A�M �i�?�2 �+���b�2
�Q�7 �K�m�H�i�B�T�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �`�Q�m�M�/�b�- �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �b�H�Q�i�b �B�bkmW �- �r�?�2�`�2W �B�b
�i�?�2 �M�m�K�#�2�` �Q�7 �`�Q�m�M�/�b�X ���b ���M �2�t���K�T�H�2�- �;�B�p�2�Mk = 1; m = 2; W = 2; n = 5�- �i�?�2 �H�Q�r�2�b�i
�T�Q�b�b�B�#�H�2 �A�A�@�. ���M�/ ���A�@�. ���`�2 �y�X�y�e ���M�/ �y�X�y�R �`�2�b�T�2�+�i�B�p�2�H�v�X �a�Q�- �B�M �i�?�2�b�2 �+���b�2�b�- �i�?�2 �H�Q�r�2�b�i
�b�+�Q�`�2 �U�i�?���i �b�?�Q�m�H�/ �#�2 �i�?�2 �7���B�`�2�b�i�V �B�b �M�Q�i �x�2�`�Q�- �2�p�2�M �B�7 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b ���`�2 �K���/�2
���b �7���B�` ���b �T�Q�b�b�B�#�H�2 �U�+�H�Q�b�2 �i�Q �`���M�/�Q�K �2�t�T�Q�b�m�`�2�V�X

�9�j



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

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

�k�X�j�X�R�X�j�*���m�b�2 �j �U" �C���B�M�-" �1�M�i�-#�:�B�M�B�-#�:�B�M�B�@�r#�A�A�@�.�-#���A�@�.�V

�h�?�2 �i�?�B�`�/ �+���m�b�2 �Q�7 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �i�?���i �r�2 �B�/�2�M�i�B�7�v �B�b �i�?���i �7�Q�` �C���B�M�- �1�M�i�- �:�B�M�B�- ���M�/
�:�B�M�B�@�r�- �2�p�2�M �r�?�2�Mkm > n �- �i�?�2 �K�2���b�m�`�2 �b�i�B�H�H �+���M�M�Q�i �`�2���+�? �i�?�2 �i�?�2�Q�`�2�i�B�+���H �7���B�`�2�b�i
�p���H�m�2 �B�7 �i�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�K�b �B�b �M�Q�i ���M �2�t���+�i �K�m�H�i�B�T�H�2 �Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b�-
n - km�X �1�X�;�X�- �B�7km = 4�- n = 3�- �i�?�`�2�2 �b�H�Q�i�b �+���M �#�2 �}�H�H�2�/ �r�B�i�? �Q�M�2 �m�M�B�[�m�2 �B�i�2�K
�2���+�?�- �#�m�i �M�Q �K���i�i�2�` �r�?�B�+�? �B�i�2�K �}�H�H�b �i�?�2 �H���b�i �b�H�Q�i�- �Q�M�2 �B�i�2�K �r�B�H�H �#�2 �`�2�+�Q�K�K�2�M�/�2�/
�Q�M�2 �K�Q�`�2 �i�B�K�2 �i�?���M �i�?�2 �`�2�b�i�X �G�B�F�2�r�B�b�2�- �i�?�2 �b���K�2 ���T�T�H�B�2�b �7�Q�` �A�A�@�. ���M�/ ���A�@�. �r�?�2�M
�i�?�2 �M�m�K�#�2�` �Q�7 �b�H�Q�i�b ���+�`�Q�b�b ���H�H �`�Q�m�M�/�b �UkmW �V �B�b �M�Q�i �/�B�p�B�b�B�#�H�2 �#�vn�X �6�Q�` �2�t���K�T�H�2�-
�r�?�2�Mk = m = W = 2; n = 3�- �i�?�2 �K�B�M�B�K�m�K �A�A�@�. �B�b0:02 ���M�/ �i�?�2 �K�B�M�B�K�m�K ���A�@�.
�B�b0:005�X �h�?�B�b �H�B�K�B�i���i�B�Q�M �+�Q�M�b�2�[�m�2�M�i�H�v �H�2���/�b �i�Q �i�?�2 �b���K�2 �B�b�b�m�2 �Q�7 �`�Q�#�m�b�i�M�2�b�b ���M�/
�m�M�/�2�`�2�b�i�B�K���i�B�Q�M �Q�7 �7���B�`�M�2�b�b�- ���b �/�2�b�+�`�B�#�2�/ �B�M�*���m�b�2 �k�X

�k�X�j�X�R�X�9�*���m�b�2 �9 �U#�:�B�M�B�@�r�-#�o�Q�*�.�- #�A�A�@�.�-#���A�@�.�V

�h�?�2 �7�Q�m�`�i�? �+���b�2 �Q�7 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �i�?���i �r�2 �B�/�2�M�i�B�7�v �B�b �i�?���i �K�2���b�m�`�2�b �+���M�M�Q�i �`�2���+�?
�i�?�2 �i�?�2�Q�`�2�i�B�+���H �U�m�M�V�7���B�`�2�b�i �p���H�m�2�- ���b �i�?�2 �2�t���+�i �7�Q�`�K�m�H���i�B�Q�M �Q�7 �i�?�2 �K���t�f�K�B�M ���+�?�B�2�p���#�H�2
�b�+�Q�`�2 �B�b �m�M�F�M�Q�r�M�-�3 �K���F�B�M�; �i�?�2 �b�+�Q�`�2 �?���`�/ �i�Q �B�M�i�2�`�T�`�2�i�X �h�?�B�b �?���T�T�2�M�b �#�2�+���m�b�2 �i�?�2
�K�Q�b�i�f�H�2���b�i �7���B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �+���M�M�Q�i �#�2 ���M���H�v�i�B�+���H�H�v �/�2�i�2�`�K�B�M�2�/ �/�m�2 �i�Q �T���`���K�2�@
�i�2�`�b �B�M �i�?�2 �K�2���b�m�`�2 �Q�` �B�i�2�K �2�t�T�Q�b�m�`�2 �#�2�B�M�; �r�2�B�;�?�i�2�/ �#�v �� �M�Q�M�@�m�M�B�7�Q�`�K �2�t���K�B�M���i�B�Q�M
�7�m�M�+�i�B�Q�M�X �h�?�B�b �+���m�b�2�b �i�?�2 �K�2���b�m�`�2 �i�Q �?���p�2 �� �`���M�;�2 �/�B�z�2�`�2�M�i �7�`�Q�K �B�i�b �i�?�2�Q�`�2�i�B�+���H �`���M�;�2�-
�B�X�2�X�-[0; 1]�- �r�?�B�+�? �r�2 �2�t�T�H���B�M �M�2�t�i �7�Q�` �2���+�? �K�2���b�m�`�2�X

#�:�B�M�B�@�r �K���v �M�Q�i �`�2���+�?0 �Q�1̀ �/�m�2 �i�Q �M�Q�M�@�m�M�B�7�Q�`�K �2�t�T�Q�b�m�`�2�X �1�X�;�X�- �r�?�2�Mk = n =
3; m = 2�- �i�?�2 �K�B�M�B�K�m�K ���M�/ �K���t�B�K�m�K#�:�B�M�B�@�r �7�Q�` ���H�H �T�Q�b�b�B�#�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�b
���`�20:0373���M�/0:156�`�2�b�T�2�+�i�B�p�2�H�v�X ���bnjkm�- �i�?�B�b �B�b �b�2�T���`���i�2 �7�`�Q�K�M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�-
�*���m�b�2�b �R���j�X

�6�Q�#̀�o�Q�*�.�- ���bCD(i; i 0) 2 [0; 1)�- #�o�Q�*�.2 [0; 1 � � )�X �>�Q�r�2�p�2�`�- �i�?�2 �b�+�Q�`�2 �Q�7
#�o�Q�*�. �/�2�T�2�M�/�b �Q�M �B�i�2�K �b�B�K�B�H���`�B�i�v�- �K���F�B�M�; �i�?�2 �K�Q�b�i �m�M�7���B�` �b�+�Q�`�2 �m�M�`�2���+�?���#�H�2�X �1�p�2�M
�i�?�Q�m�;�? �B�i �B�b �B�K�T�Q�b�b�B�#�H�2 �i�Q �7�Q�`�K�m�H���i�2 ���M �2�t���+�i ���+�?�B�2�p���#�H�2 �K���t�B�K�m�K �p���H�m�2 �7�Q�`#�o�Q�*�.�-
�r�2 �7�Q�`�K���H�H�v �T�`�Q�p�2 �B�M ���T�T�X�k�X�N�X�R�X�e�i�?���i8� 2 [0; 2]; � 2 [0; 1)�- �i�?�2 �K���t�B�K�m�K#�o�Q�*�.�-
�o�Q�*�.�K���t � m� 1

m � � �X �h�?�B�b �B�b �Q�#�i���B�M�2�/ �r�?�2�M �i�?�2�`�2 �B�b �Q�M�H�v �Q�M�2 �T���B�` �Q�7 �b�B�K�B�H���` �B�i�2�K�b
�r�?�B�+�? �B�b �`�2�+�Q�K�K�2�M�/�2�/1 ���M�/m �i�B�K�2�b �2���+�?�X �1�X�;�X�-R2

u1
= [ i 1; i2]; R2

u2
= R2

u3
= [ i 1; i3]

�3�>�2�`�2�- �õ�m�M�F�M�Q�r�M�ö �B�b �Q�M�H�v �`�2�H���i�2�/ �i�Q �i�?�2 �2�t���+�i �K���t�f�K�B�M �7�Q�`�K�m�H���i�B�Q�M�- ���b �i�?�2 �K���t�B�K�m�K ���M�/ �K�B�M�@
�B�K�m�K �+���M ���H�r���v�b �#�2 �+�Q�K�T�m�i�2�/ �#�v �2�M�m�K�2�`���i�B�M�; ���H�H �T�Q�b�b�B�#�B�H�B�i�B�2�b�- ���H�#�2�B�i �#�2�B�M�; �� �+�Q�b�i�H�v �T�`�Q�+�2�b�b�X

�9�9



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�r�?�2�`�2 �o�Q�*�.�K���t �B�b2/ 3�- �r�?�B�+�? �?���T�T�2�M�b �r�?�2�M �Q�M�H�vi 1 ���M�/i 2 ���`�2 �b�B�K�B�H���`�X �a�Q�- �i�?�2 �K�Q�b�i
�m�M�7���B�` �b�+�Q�`�2 �B�b �M�Q�M�@�`�2���H�B�b���#�H�2�- ���b �1�[�X �U�k�X�e�V �/�2�T�2�M�/�b �Q�M �B�i�2�K�@�T���B�` �b�B�K�B�H���`�B�i�v�X

#�A�A�@�. ���M�/#���A�@�. ���H�b�Q �K���v �M�Q�i �`�2���+�? �y �Q�` �R�- �2�p�2�M �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �K�m�H�i�B�T�H�2
�`�Q�m�M�/�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b ���M�/ �?���p�B�M�; �2�M�Q�m�;�? �b�H�Q�i�b �7�Q�` ���H�H �B�i�2�K�b�X �6�Q�` �2�t���K�T�H�2�-
�r�?�2�Mk = m = W = 2; n = 3�- �+�Q�M�b�B�/�2�`�B�M�; ���H�H �T�Q�b�b�B�#�H�2 �r���v�b �Q�7 �`�2�+�Q�K�K�2�M�/�B�M�; �B�i�2�K�b�-
�i�?�2 �K�B�M�B�K�m�K �p���H�m�2�b �Q�7 �A�A�@�. ���M�/ ���A�@�. ���`�2 �y�X�y�k ���M�/ �y�X�y�y�8 �`�2�b�T�2�+�i�B�p�2�H�v�- �r�?�B�H�2 �i�?�2
�K���t�B�K�m�K �p���H�m�2�b ���`�2 �y�X�R�3�d �7�Q�` �#�Q�i�?�X �q�2 �T�Q�b�B�i �i�?�B�b �i�Q �#�2 �/�m�2 �i�Q �i�?�2 �2�t�T�Q�M�2�M�i�B���H�@�H�B�F�2
�2�t�T�Q�b�m�`�2�X

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

�k�X�j�X�k�G�B�K�B�i���i�B�Q�M �k�, �Z�m���M�i�B�i�v�@�B�M�b�2�M�b�B�i�B�p�B�i�v �U�Z�6�Q�`�B�V

�h�?�B�b �H�B�K�B�i���i�B�Q�M �B�b �T���`�i �Q�7 �i�?�2 �/�2�b�B�;�M �+�?�Q�B�+�2 �#�v �i�?�2 ���m�i�?�Q�`�b �Q�7 �i�?�2 �Q�`�B�;�B�M���H �Z�6 �K�2���b�m�`�2
�(�k�e�9�) �#���b�2�/ �Q�M �� �b�T�2�+�B�}�+ �+�Q�M�+�2�T�i �Q�7 �7���B�`�M�2�b�b�- �r�?�B�+�? �r�2 �2�t�T�H���B�M �M�2�t�i�X �Z�m���M�i�B�i�v�@
�B�M�b�2�M�b�B�i�B�p�B�i�v �K�2���M�b �i�?���i �i�?�2 �K�2���b�m�`�2 �B�;�M�Q�`�2�b �?�Q�r �Q�7�i�2�M ���M �B�i�2�K �B�b �`�2�+�Q�K�K�2�M�/�2�/
���+�`�Q�b�b ���H�H �m�b�2�`�b �B�M �� �`�2�+�Q�K�K�2�M�/���i�B�Q�M �`�Q�m�M�/�X �A�M �2�+�Q�M�Q�K�B�+�b�- �(�d�) �b�i���i�2�b �i�?���i �õ�b�2�M�b�B�i�B�p�B�i�v
�i�Q �i�`���M�b�7�2�`�ö �B�b �� �#���b�B�+ �+�`�B�i�2�`�B�Q�M �Q�7 ���M �B�M�2�[�m���H�B�i�v �K�2���b�m�`�2�X �a�B�K�B�H���`�H�v�- �r�2 �i�?�B�M�F �i�?���i
�r�?�2�M �2�t�T�Q�b�m�`�2 �B�M�+�`�2���b�2�b �U�Q�` �/�2�+�`�2���b�2�b�V �7�Q�` ���M �B�i�2�K�- �i�?�2 �7���B�`�M�2�b�b �K�2���b�m�`�2 �b�?�Q�m�H�/ �#�2
�b�2�M�b�B�i�B�p�2 �i�Q �i�?�2 �+�?���M�;�2�X �J�2���M�r�?�B�H�2�- �Z�6�Q�`�B�K���F�2�b �M�Q �/�B�b�i�B�M�+�i�B�Q�M �#�2�i�r�2�2�M �B�i�2�K�b �i�?���i
���`�2 �`�2�+�Q�K�K�2�M�/�2�/ �Q�M�+�2 �Q�` �K�Q�`�2 �i�?���M �Q�M�+�2�X �h�Q �B�H�H�m�b�i�`���i�2�- �+�Q�M�b�B�/�2�` �i�?�2�b�2 �b�+�2�M���`�B�Q�b�, �R�V
R2

u1
= [ i 1; i2]; R2

u2
= [ i 2; i3]; R2

u3
= [ i 1; i3] ���M�/ �k�VR2

u1
= R2

u2
= [ i 1; i2]; R2

u3
= [ i 1; i3]�X

���b�b�m�K�B�M�;n = 5�- �Z�6�Q�`�B�r�Q�m�H�/ �#�2 �y�X�e �7�Q�` �#�Q�i�? �+���b�2�b�- �2�p�2�M �i�?�Q�m�;�? �B�M �i�?�2 �b�2�+�Q�M�/
�b�+�2�M���`�B�Qi 1 �B�b �`�2�+�Q�K�K�2�M�/�2�/ �K�Q�`�2 �i�B�K�2�b �i�?���Mi 2�- �r�?�B�+�? �B�b �`�2�+�Q�K�K�2�M�/�2�/ �K�Q�`�2 �i�?���Mi 3�X

���b �� �`�2�b�m�H�i �Q�7 �i�?�B�b �/�2�b�B�;�M �+�?�Q�B�+�2�- �i�?�2 �b�+�Q�`�2 �/�Q�2�b �M�Q�i �`�2�~�2�+�i �i�?�2 �`�2�T�2���i�2�/ �`�2�+�Q�K�@
�K�2�M�/���i�B�Q�M�b �Q�7 �i�?�2 �b���K�2 �B�i�2�K �i�Q �K���M�v �m�b�2�`�b�- �r�?�B�+�? �K���v �B�M�/�B�+���i�2 �m�M�7���B�`�M�2�b�b �U�2�X�;�X�-
�T�Q�T�m�H���`�B�i�v �#�B���b�V�X �h�?�B�b �B�b �� �/�2�b�B�;�M �H�B�K�B�i���i�B�Q�M �i�?���i �Q�M�2 �b�?�Q�m�H�/ �#�2 ���r���`�2 �Q�7 �r�?�2�M �m�b�B�M�;
�Z�6�X

�k�X�j�X�j�G�B�K�B�i���i�B�Q�M �j�, �l�M�/�2�}�M�2�/�M�2�b�b �U�1�M�i�Q�`�B�V

�q�2 �/�2�}�M�2 �i�?�2 �H�B�K�B�i���i�B�Q�M �Q�7 �m�M�/�2�}�M�2�/�M�2�b�b ���b �i�?�2 �K�2���b�m�`�2 �;�B�p�B�M�; ���M �m�M�/�2�}�M�2�/ �p���H�m�2�X
�A�M �T�`���+�i�B�+�2�- �i�?�B�b �H�B�K�B�i���i�B�Q�M �`�2�M�/�2�`�b �i�?�2 �K�2���b�m�`�2 �B�M�+�Q�K�T�m�i���#�H�2 �r�?�2�M �2�M�+�Q�m�M�i�2�`�B�M�;
���M �U�2�/�;�2�V �+���b�2�X�N �h�?�B�b �B�b �M�Q�i �M�2�;�H�B�;�B�#�H�2�- ���b ���M ���b�b�2�b�b�K�2�M�i �[�m�2�b�i�B�Q�M �7�Q�` �i�?�2 �/�2�b�B�;�M �Q�7
�U�7���B�`�M�2�b�b�V �K�2���b�m�`�2�b �B�b �`�2�H���i�2�/ �i�Q �?�Q�r �i�?�2 �K�2���b�m�`�2 �`�2�b�T�Q�M�/�b �i�Q �2�/�;�2 �+���b�2�b �(�R�d�8�)�X �6�Q�`
�1�M�i�Q�`�B�- �i�?�2 �+���b�2 �B�b �`�2�H���i�2�/ �i�Q �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �Q�7 �2�M�+�Q�m�M�i�2�`�B�M�; �i�?�2 �m�M�/�2�}�M�2�/ �p���H�m�2 �Q�7 �H�Q�;0
�/�m�`�B�M�; �+�Q�K�T�m�i���i�B�Q�M�X �l�M�/�2�}�M�2�/�M�2�b�b �?���T�T�2�M�b �r�?�2�M �i�?�2�`�2 �B�b ���i �H�2���b�i �Q�M�2 �B�i�2�K �7�`�Q�K

�N�h�?�B�b �B�b �`�2�K�B�M�B�b�+�2�M�i �Q�7 �i�?�2 �+�Q�K�T�H�2�i�2�M�2�b�b �T�`�Q�T�2�`�i�v �B�M �(�R�8�j�)�X

�9�8



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�h���#�H�2 �k�X�j�, �a�B�i�m���i�B�Q�M�b �i�?���i �T�`�Q�/�m�+�2 �i�?�2 �i�?�2�Q�`�2�i�B�+���H �K�Q�b�i �U�m�M�V�7���B�` �b�+�Q�`�2 �B�M �2�t�B�b�i�B�M�;
�B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �K�2���b�m�`�2�b�X

�J�2���b�m�`�2 �J�Q�b�i �l�M�7���B�` �J�Q�b�i �6���B�`

�C���B�M �M�Q �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b
�Ukm = 0�V

���H�H �B�i�2�K�b �`�2�+�Q�K�K�2�M�/�2�/ �i�?�2 �b���K�2
���K�Q�m�M�i

�Z�6 �M�Q �B�i�2�K�b �`�2�+�Q�K�K�2�M�/�2�/
�UjRj = 0�V

���H�H �B�i�2�K�b �2�t�T�Q�b�2�/�- �M�Q �K���i�i�2�`
�?�Q�r �K���M�v �i�B�K�2�b

�1�M�i �M�Q �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i �Un = 0�V ���H�H �B�i�2�K�b �`�2�+�Q�K�K�2�M�/�2�/ �i�?�2 �b���K�2
���K�Q�m�M�i

�:�B�M�B�- �:�B�M�B�@�r �� �b�B�M�;�H�2 �B�i�2�K �B�b �`�2�+�Q�K�K�2�M�/�2�/ ���i
���H�H �`���M�F �T�Q�b�B�i�B�Q�M�b �7�Q�` ���H�H �m�b�2�`�b

���H�H �B�i�2�K�b �`�2�+�Q�K�K�2�M�/�2�/ �i�?�2 �b���K�2
���K�Q�m�M�i �U�Q�` �b���K�2 �i�Q�i���H �2�t�T�Q�b�m�`�2
�r�2�B�;�?�i�V

�6�a���i �M�Q �B�i�2�K�b �`�2�+�Q�K�K�2�M�/�2�/
�UjRj = 0�V

���H�H �B�i�2�K�b �`�2�+�Q�K�K�2�M�/�2�/�
�

km
n

�

�i�B�K�2�b
�o�Q�*�. �M�Q�i �T�Q�b�b�B�#�H�2 �i�Q �/�2�/�m�+�2 �7�`�Q�K �i�?�2

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

�A�A�@�. �M�Q�i �T�Q�b�b�B�#�H�2 �i�Q �/�2�/�m�+�2 �7�`�Q�K �i�?�2
�7�Q�`�K�m�H�� ���M�/ �/�2�b�+�`�B�T�i�B�Q�M

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

���A�@�. �M�Q�i �T�Q�b�b�B�#�H�2 �i�Q �/�2�/�m�+�2 �7�`�Q�K �i�?�2
�7�Q�`�K�m�H�� ���M�/ �/�2�b�+�`�B�T�i�B�Q�M

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

�i�?�2 �/���i���b�2�i �i�?���i �/�Q�2�b �M�Q�i ���T�T�2���` �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b ���i ���H�H�-�R�y�r�?�B�+�? �?���T�T�2�M�b
�Q�7�i�2�M �#�2�+���m�b�2 �M�Q�i ���H�H �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i�b ���`�2 �;�m���`���M�i�2�2�/ �i�Q �#�2 ���i �i�?�2 �i�Q�Tk�X �6�Q�`
�2�t���K�T�H�2�- �;�B�p�2�MR2

u1
= R2

u2
= [ i 1; i2] ���M�/I = f i 1; i2; i3g�- �i�?�2 �p���H�m�2 �Q�7p(i 3) = 0 �- ���M�/

�i�?�B�b �2�M�i���B�H�b �H�Q�;p(i 3) = �H�Q�;0�X �a�m�+�? �� �b�B�i�m���i�B�Q�M �B�b �+�Q�K�K�Q�M�- ���b �B�i �r�B�H�H �H���i�2�` �#�2 �b�2�2�M �B�M
�h���#�X�k�X�d�- ���M�/ �i�?�2�`�2�7�Q�`�2 �r�2 �/�Q �M�Q�i �+�Q�M�b�B�/�2�` �i�?�B�b ���b ���M �2�/�;�2 �+���b�2�X �q�?�2�M �i�?�2 �K�2���b�m�`�2
�B�b �B�M�+�Q�K�T�m�i���#�H�2 �7�Q�` �b�2�p�2�`���H �K�Q�/�2�H�b�- �B�i�b �B�M�i�2�`�T�`�2�i���i�B�Q�M �B�b �H�2�b�b �K�2���M�B�M�;�7�m�H�X

�q�2 �2�t�+�H�m�/�2 �i�?�2 �+���b�2 �r�?�2�`�2 �M�Q �B�i�2�K �B�b �`�2�+�Q�K�K�2�M�/�2�/ �i�Q ���M�v �m�b�2�`�b �UjRj = 0�V�- ���b �i�?�B�b
�B�b �� �i�`�B�p�B���H �+���b�2 ���M�/ �B�i �/�Q�2�b �M�Q�i �K���F�2 �K�m�+�? �b�2�M�b�2 �i�Q �2�p���H�m���i�2 �7���B�`�M�2�b�b �r�?�2�M �i�?�2�`�2 �B�b

�R�y�H�Q�;p(i ) �B�M �1�[�X�k�X�j�B�b �m�M�/�2�}�M�2�/ �B�7 �B�i�2�Ki �B�b �M�Q�i �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �7�Q�` ���M�v �m�b�2�`�b �Up(i ) = 0 �V�X

�9�e



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�M�Q �B�i�2�K �#�2�B�M�; �`�2�+�Q�K�K�2�M�/�2�/�X �_�2�;���`�/�H�2�b�b �Q�7 �i�?�2 �i�`�B�p�B���H�B�i�v�- �r�2 �B�/�2�M�i�B�7�v �b�Q�K�2 �K�2���b�m�`�2�b
�i�?���i ���`�2 �B�M�+�Q�K�T�m�i���#�H�2 �m�M�/�2�` �i�?�B�b �2�/�;�2 �+���b�2�, �C���B�M�Q�`�B�- �1�M�i�Q�`�B�- �:�B�M�B�Q�`�B�- �:�B�M�B�@�r�Q�`�B�- ���M�/
�o�Q�*�.�Q�`�B�X �L�Q�i�2 �i�?���i �r�2 �/�Q �M�Q�i �+�Q�M�b�B�/�2�` �i�?�2�b�2 �7�Q�m�` �K�2���b�m�`�2�b �i�Q �?���p�2 �i�?�2 �m�M�/�2�}�M�2�/�M�2�b�b
�H�B�K�B�i���i�B�Q�M �D�m�b�i �7�Q�` �i�?�B�b �`�2���b�Q�M�X

�k�X�j�X�9�G�B�K�B�i���i�B�Q�M �9�, ���H�r���v�b�@�7���B�` �U" �6�a���i�V

�q�2 �/�2�}�M�2 �i�?�2 �H�B�K�B�i���i�B�Q�M �Q�7 ���H�r���v�b�@�7���B�` ���b �i�?�2 �K�2���b�m�`�2 �;�B�p�B�M�; �i�?�2 �7���B�`�2�b�i �b�+�Q�`�2 �`�2�;���`�/�@
�H�2�b�b �Q�7 �i�?�2 �+�Q�M�i�2�M�i �Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�- �m�M�/�2�` �� �b�T�2�+�B�}�+ �+�Q�M�/�B�i�B�Q�M �/�2�T�2�M�/�B�M�;
�Q�M �i�?�2 �T���`�i�B�+�m�H���` �K�2���b�m�`�2�X �h�?�B�b �?���T�T�2�M�b �7�Q�`" �6�a���i �r�?�2�Mkm < n �- ���b �2�K�T�B�`�B�+���H�H�v
�/�B�b�+�Q�p�2�`�2�/ �#�v �(�R�e�d�)�X �h�?�2 �K���t�B�K�B�M �b�?���`�2�- �B�M �i�?�B�b �+���b�2�- �B�b �y ���M�/ ���H�H �B�i�2�K�b ���`�2 �/�2�2�K�2�/
�b���i�B�b�}�2�/ ���b �T�2�` �i�?�2 �/�2�}�M�B�i�B�Q�M �B�Mx�k�X�k�X�k�X�8�- �`�2�;���`�/�H�2�b�b �Q�7 �i�?�2 ���+�i�m���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �`�2�+�@
�Q�K�K�2�M�/�2�/ �B�i�2�K�b�X �q�?�B�H�2 �i�?�B�b �B�b �T���`�i�H�v �/�m�2 �i�Q �i�?�2 �/�2�b�B�;�M �+�?�Q�B�+�2 �Q�7 �6�a���i �r�?�B�+�? �B�b
�#���b�2�/ �Q�M �i�?�2 �K���t�B�K�B�M �b�?���`�2�- �i�?�B�b �K�2���M�b �i�?���i" �6�a���i �r�B�H�H ���H�r���v�b �#�21�- �`�2�M�/�2�`�B�M�; �i�?�2
�K�2���b�m�`�2 �m�M�b�m�B�i���#�H�2 �7�Q�` �m�b�2 �+���b�2�b �r�?�2�`�2km < n �X �1�p�2�M �i�?�Q�m�;�? �i�?�B�b �H�B�K�B�i���i�B�Q�M �?���b
�#�2�2�M �2�K�T�B�`�B�+���H�H�v �B�/�2�M�i�B�}�2�/ �#�2�7�Q�`�2�- �i�?�2�`�2 �r���b �M�Q �7�Q�`�K���H �/�2�}�M�B�i�B�Q�M �Q�7 �B�i�- ���M�/ �i�?���i �B�b
�r�?���i �r�2 �/�Q �?�2�`�2�X

�k�X�j�X�8�G�B�K�B�i���i�B�Q�M �8�, �A�i�2�K�@�`�2�T�`�2�b�2�M�i���i�B�Q�M�@�/�2�T�2�M�/�2�M�+�2 �U#�o�Q�*�.�V

�q�2 �7�Q�`�K���H�H�v �B�/�2�M�i�B�7�v �i�?�B�b �H�B�K�B�i���i�B�Q�M �B�M �i�?�B�b �r�Q�`�F�- �2�p�2�M �i�?�Q�m�;�? �B�i �B�b �T���`�i �Q�7 ���M �B�M�i�2�M�@
�i�B�Q�M���H �+�?�Q�B�+�2 �Q�7 �i�?�2 �K�2���b�m�`�2�- ���b �Q�T�T�Q�b�2�/ �i�Q ���M ���+�+�B�/�2�M�i���H �Q�` �m�M�7�Q�`�2�b�2�2�M �#�v�T�`�Q�/�m�+�i
�Q�7 �i�?�2 �/�2�b�B�;�M�X �A�i�2�K�@�`�2�T�`�2�b�2�M�i���i�B�Q�M�@�/�2�T�2�M�/�2�M�+�2 �K�2���M�b �i�?���i �i�?�2 �b�+�Q�`�2 �Q�7 �i�?�2 �K�2���b�m�`�2
�p���`�B�2�b ���+�+�Q�`�/�B�M�; �i�Q �?�Q�r �B�i�2�K �`�2�T�`�2�b�2�M�i���i�B�Q�M�b ���`�2 �#�m�B�H�i �U�2�X�;�X�- �2�K�#�2�/�/�B�M�;�- �;�`���T�?�b�V�X �h�?�2
�K���t �p���H�m�2 �Q�7#�o�Q�*�. �/�2�T�2�M�/�b �Q�M �r�?�B�+�? �B�i�2�K �T���B�`�b ���`�2 �b�B�K�B�H���` �#���b�2�/ �Q�M �?�Q�r �B�i�2�K�b
���`�2 �`�2�T�`�2�b�2�M�i�2�/�X �1�p�2�M �i�?�Q�m�;�? �i�?�2 �/�2�T�2�M�/�2�M�+�2 �Q�M �B�i�2�K �`�2�T�`�2�b�2�M�i���i�B�Q�M �B�b �T���`�i �Q�7 �i�?�2
�/�2�b�B�;�M �+�?�Q�B�+�2 �7�Q�` �o�Q�*�.�- �i�?�2 �H�B�K�B�i���i�B�Q�M �Q�7 �i�?�B�b �/�2�b�B�;�M �b�?�Q�m�H�/ �#�2 �i���F�2�M �B�M�i�Q �+�Q�M�b�B�/�2�`���@
�i�B�Q�M �r�?�2�M �Q�M�2 �+�?�Q�Q�b�2�b �� �7���B�`�M�2�b�b �K�2���b�m�`�2�- �2�X�;�X �2�M�b�m�`�B�M�; �� �b���K�2 �r���v �Q�7 �`�2�T�`�2�b�2�M�i�B�M�;
�B�i�2�K�b �7�Q�` �� �7���B�` �+�Q�K�T���`�B�b�Q�M�X

�.�2�T�2�M�/�B�M�; �Q�M �?�Q�r �B�i�2�K �`�2�T�`�2�b�2�M�i���i�B�Q�M�b ���`�2 �#�m�B�H�i�- �i�?�2�`�2 �K���v �#�2 �/�B�z�2�`�2�M�i �T���B�`�b
�Q�7 �b�B�K�B�H���` �B�i�2�K�b �B�M �i�?�2 �b�2�iA�- �v�B�2�H�/�B�M�; �/�B�z�2�`�2�M�i#�o�Q�*�. �b�+�Q�`�2�b�X �1�X�;�X�- �;�B�p�2�MR2

u1
=

[i 1; i2]; R2
u2

= [ i 1; i3]�- �B�7A = f (i 1; i2)g ���b �T�2�` �Q�M�2 �B�i�2�K �`�2�T�`�2�b�2�M�i���i�B�Q�M�-#�o�Q�*�.= 0:5�
� �X �>�Q�r�2�p�2�`�- �B�7 ���+�+�Q�`�/�B�M�; �i�Q ���M�Q�i�?�2�` �B�i�2�K �`�2�T�`�2�b�2�M�i���i�B�Q�M�-A = f (i 2; i3)g�- �i�?�2�M#�o�Q�*�.
= 0�X �q�?�B�H�2 �i�?�2 �7�Q�`�K�2�` �b�+�Q�`�2 �`�2�T�`�2�b�2�M�i�b �� �b�Q�K�2�r�?���i �m�M�7���B�` �_�a�- �i�?�2 �H���i�i�2�` �/�2�M�Q�i�2�b
�i�?���i �i�?�2 �_�a �B�b �7���B�`�X �L�Q�i�2 �i�?���i �Q�M�2 �+���M �m�b�2 �i�?�2 �b���K�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M ���H�;�Q�`�B�i�?�K
���M�/ �i�?�2 �b���K�2 �/���i���b�2�i�- �#�m�i �r�B�i�? �/�B�z�2�`�2�M�i �r���v�b �Q�7 �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �B�i�2�K�b�- �/�B�z�2�`�2�M�i
�o�Q�*�. �b�+�Q�`�2�b �K���v �#�2 �Q�#�i���B�M�2�/�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �H�B�K�B�i���i�B�Q�M �b�i�B�H�H �?�Q�H�/�b �2�p�2�M �r�?�2�M �i�?�2
�+�Q�K�T���`�B�b�Q�M �B�b �Q�M�H�v �T�2�`�7�Q�`�K�2�/ �r�B�i�?�B�M ���M ���H�;�Q�`�B�i�?�K ���M�/ �� �/���i���b�2�i�X
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�h���#�H�2 �k�X�9�, �J�2���b�m�`�2�b �Q�7 �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b ���M�/ �i�?�2�B�` �i�?�2�Q�`�2�i�B�+���H �H�B�K�B�i���i�B�Q�M�b�X �q�2
�B�/�2�M�i�B�7�v �7�Q�m�` �/�B�z�2�`�2�M�i �+���m�b�2�b �7�Q�` �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�- �/�2�M�Q�i�2�/ �#�v�* �B�M �i�?�B�b �i���#�H�2�X

�G�2�;�2�M�/
� �, �r�2 �7�m�H�H�v �`�2�b�Q�H�p�2 �i�?�2 �H�B�K�B�i���i�B�Q�M
� �, �i�?�2 �H�B�K�B�i���i�B�Q�M �B�b �m�M�`�2�b�Q�H�p���#�H�2
X �, ���M�Q�i�?�2�` �K�2���b�m�`�2 �`�2�b�Q�H�p�2�b �i�?�2 �H�B�K�B�i���i�B�Q�M
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�M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�, �+���M�M�Q�i �`�2���+�? �K���t�f�K�B�M �b�+�Q�`�2 �U�+���m�b�2 �M�m�K�#�2�` �/�2�M�Q�i�2�/ �#�v�* �V
�*�R�X�J�Q�b�i �m�M�7���B�` �b�+�Q�`�2 �B�b �Q�M�H�v �;�B�p�2�M �i�Q ���M �B�K�T�Q�b�b�B�#�H�2 �b�+�2�M���`�B�Q�m�b � � � � � �
�*�k�X�6�2�r�2�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b �+�Q�K�T���`�2�/ �i�Q �M�m�K�#�2�` �Q�7 �B�i�2�K�b�m�b � � � � � � � �
�*�j�X�L�m�K�#�2�` �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b �B�b �B�M�/�B�p�B�b�B�#�H�2 �#�v �M�m�K�#�2�` �Q�7 �B�i�2�K�b�m�b � � � � � �
�*�9�X�L�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �/�m�2 �i�Q �m�M�F�M�Q�r�M �7�Q�`�K�m�H���i�B�Q�M �Q�7 �K���t�f�K�B�M �b�+�Q�`�2�m�b � � � �
�[�m���M�i�B�i�v�@�B�M�b�2�M�b�B�i�B�p�B�i�v�, �B�;�M�Q�`�2�b �7�`�2�[�m�2�M�+�v �Q�7 �B�i�2�K �`�2�+�Q�K�K�2�M�/���i�B�Q�M�(�k�e�9�) X

�m�M�/�2�}�M�2�/�M�2�b�b�, �+���M�M�Q�i �#�2 �+�Q�K�T�m�i�2�/ �U�m�M�/�2�}�M�2�/ �p���H�m�2�V�m�b �
���H�r���v�b�@�7���B�`�, �;�B�p�2�b �7���B�`�2�b�i �b�+�Q�`�2 �`�2�;���`�/�H�2�b�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �+�Q�M�i�2�M�i�b�(�R�e�d�) �
�B�i�2�K�@�`�2�T�`�2�b�2�M�i���i�B�Q�M�@�/�2�T�2�M�/�2�M�+�2�, �/�2�T�2�M�/�b �Q�M �?�Q�r �B�i�2�K�b ���`�2 �`�2�T�`�2�b�2�M�i�2�/�m�b �

�k�X�9�_�2�b�Q�H�p�B�M�; �G�B�K�B�i���i�B�Q�M�b

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

�k�X�9�X�R�_�2�b�Q�H�p�B�M�; �L�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �U�G�B�K�B�i���i�B�Q�M �R�V ���M�/ �l�M�/�2�@
�}�M�2�/�M�2�b�b �U�G�B�K�B�i���i�B�Q�M �j�V

�q�2 �`�2�b�Q�H�p�2 �+���m�b�2�b �R�- �k�- ���M�/ �j �Q�7 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �p�B�� �T�Q�b�i�@�+���H�+�m�H���i�B�Q�M �+�Q�`�`�2�+�i�B�Q�M �Q�7
�m�M�/�2�`�f�Q�p�2�`�2�b�i�B�K���i�2�/ �7���B�`�M�2�b�b �b�+�Q�`�2�b �#���b�2�/ �Q�M �i�?�2 �i�?�2�Q�`�2�i�B�+���H �K�B�M ���M�/ �K���t �p���H�m�2�b
�7�Q�` �� �b�+�2�M���`�B�Q �r�B�i�? �H�B�K�B�i�2�/km �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b�X �a�T�2�+�B�}�+���H�H�v�- �r�2 �`�2�b�+���H�2 �i�?�2
�`���M�;�2 �Q�7 �i�?�2 �K�2���b�m�`�2�b �i�Q �i�?�2 ���+�i�m���H �i�?�2�Q�`�2�i�B�+���H�H�v ���+�?�B�2�p���#�H�2 �K�Q�b�i �7���B�` ���M�/ �m�M�7���B�`
�p���H�m�2�b�X �h�?�2 �`�2�b�+���H�2�/ �K�2���b�m�`�2�b �2�B�i�?�2�` �`�2�i���B�M �i�?�2[0; 1]�@�`���M�;�2�- �Q�` ���`�2 �M�Q�r �`���M�;�2�/ �B�M
[0; 1]�X �h�Q �`�2�b�+���H�2�- �r�2 �+�Q�K�T�m�i�2 �i�?�2 �K�2���b�m�`�2�ö�b �m�T�T�2�` ���M�/ �H�Q�r�2�` �#�Q�m�M�/�b �r�?�2�M �T�Q�b�b�B�#�H�2
�U�b�2�2 �h���#�X�k�X�8���M�/ ���T�T�X�k�X�N�X�R�7�Q�` �i�?�2 �/�2�`�B�p���i�B�Q�M�b�V �#�v �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �K�Q�b�i �7���B�` ���M�/
�m�M�7���B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �+���b�2 �7�Q�` �2���+�? �K�2���b�m�`�2�- �r�?�B�+�? �r�2 �2�t�T�H���B�M �M�2�t�i�X

�6�Q�` �i�?�2 �K�2���b�m�`�2 �i�?���i �b�m�z�2�`�b �7�`�Q�K �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �/�m�2 �i�Q�*���m�b�2�b �R���k�U���M�/
�[�m���M�i�B�i�v�@�B�M�b�2�M�b�B�i�B�p�B�i�v�V �B�X�2�X�- �Z�6�- �r�2 �T�Q�b�B�i �i�?���i �i�?�2 �K�Q�b�i �m�M�7���B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �!k �B�b
�r�?�2�M �i�?�2 �b���K�2k �m�M�B�[�m�2 �B�i�2�K�b ���`�2 �`�2�+�Q�K�K�2�M�/�2�/ �i�Q �2���+�? �Q�7 �i�?�2m �m�b�2�`�b�- �`�2�b�m�H�i�B�M�; �B�M
�i�?�2 �K�B�M �2�t�T�Q�b�m�`�2 �7�Q�` �B�i�2�K�b �B�MI �X �h�?�2�`�2�7�Q�`�2�- �2���+�? �Q�7 �i�?�2�b�2k �B�i�2�K�b �B�b �`�2�+�Q�K�K�2�M�/�2�/m
�i�B�K�2�b�X �h�?�B�b �B�b �2�[�m�B�p���H�2�M�i �i�Q �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �;�2�M�2�`���i�2�/ �#�v �S�Q�T �(�R�3�k�) �i�?���i �;�B�p�2�b
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�h���#�H�2 �k�X�8�, �J�Q�b�i �U�m�M�V�7���B�` �b�+�Q�`�2 �!k�X �L�Q�i�2 �i�?���i �i�?�2 �J�Q�b�i �6���B�` �!k �b�+�Q�`�2�b �U�2�t�+�2�T�i �7�Q�`
�:�B�M�B�@�r�V �`�2�K���B�M �i�?�2 �b���K�2 ���b �i�?�2 �i�?�2�Q�`�2�i�B�+���H �7���B�`�2�b�i �p���H�m�2 �U�B�X�2�X�- �y �Q�` �R�V �r�?�2�M �i�?�2 �M�m�K�#�2�`
�Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b �B�b �/�B�p�B�b�B�#�H�2 �#�v �i�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�K�b�-n j km�X

�J�2���b�m�`�2 �J�Q�b�i �l�M�7���B�` �!k �J�Q�b�i �6���B�` �!k
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�i�?�2 �b���K�2k �K�Q�b�i �T�Q�T�m�H���` �B�i�2�K�b �i�Q ���H�H �m�b�2�`�b�X �q�2 �T�Q�b�B�i �i�?���i �i�?�2 �K�Q�b�i �7���B�` �+���b�2 �!k �B�b
�r�?�2�M �K�B�M(km; n) �m�M�B�[�m�2 �B�i�2�K�b ���`�2 �`�2�+�Q�K�K�2�M�/�2�/ �i�Qm �m�b�2�`�b�- �B�X�2�X�- �i�?�2 �K���t �M�m�K�#�2�`
�Q�7 �B�i�2�K�b ���H�H�Q�r�2�/ �#�v �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b �B�b �2�t�T�Q�b�2�/�X

�6�Q�` �K�2���b�m�`�2�b �i�?���i �b�m�z�2�` �7�`�Q�K �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�- �/�m�2 �i�Q�*���m�b�2�b �R���j�#�m�i �M�Q�i �[�m���M�i�B�i�v�@
�B�M�b�2�M�b�B�i�B�p�B�i�v �U�C���B�M�- �1�M�i�- �:�B�M�B�- �:�B�M�B�@�r�- �6�a���i�V�- �r�2 �+�Q�M�b�B�/�2�` �i�?�2 �K�Q�b�i �7���B�` �`�2�+�Q�K�K�2�M�@
�/���i�B�Q�M �i�Q �#�2 �r�?�2�M �Un � km �K�Q�/n�V �B�i�2�K�b ���`�2 �2�t�T�Q�b�2�/

�
km
n

�
�i�B�K�2�b ���M�/ �i�?�2 �`�2�b�i

�Ukm �K�Q�/n�V �B�i�2�K�b ���`�2 �2�t�T�Q�b�2�/
�

km
n

�
+ 1 �i�B�K�2�b�X �h�?�2 �K�Q�b�i �m�M�7���B�` �+���b�2 �7�Q�` �C���B�M�- �1�M�i�-

�:�B�M�B�- �:�B�M�B�@�r�- ���M�/ �6�a���i �B�b �i�?�2 �b���K�2 ���b �Z�6�X
�q�2 �i�?�2�M �T�2�`�7�Q�`�K �K�B�M�@�K���t �M�Q�`�K���H�B�b���i�B�Q�M �U�?�2�`�2���7�i�2�` �`�2�7�2�`�`�2�/ �i�Q ���b �M�Q�`�K���H�B�b���i�B�Q�M�V

�m�b�B�M�; �i�?�2 �K�Q�b�i �m�M�7���B�`�f�7���B�` �#�Q�m�M�/�b ���b �i�?�2 �K�B�M�f�K���t �T�Q�b�b�B�#�H�2 �p���H�m�2 �Q�7 �i�?�2 �K�2���b�m�`�2�X �h�?�2
�;�2�M�2�`���H �T�`�Q�+�2�b�b �B�b�, �H�2�ix �K���t �#�2 �i�?�2 �K���t �T�Q�b�b�B�#�H�2 �p���H�m�2 �Q�7 �� �7���B�`�M�2�b�b �b�+�Q�`�2x�- ���M�/x �K�B�M

�#�2 �i�?�2 �K�B�M �T�Q�b�b�B�#�H�2 �p���H�m�2 �Q�7x�X �h�?�2 �M�Q�`�K���H�B�b�2�/ �b�+�Q�`�2 �Q�7x�- �/�2�M�Q�i�2�/ �#�vx0�- �B�b �+���H�+�m�H���i�2�/
�m�b�B�M�;x0 = x� x �K�B�M

x �K���t � x �K�B�M
�X �L�Q�i�2 �i�?���i �i�?�B�b �M�Q�`�K���H�B�b���i�B�Q�M �/�Q�2�b �M�Q�i �r�Q�`�F �r�?�2�Mx �K���t = x �K�B�M

�/�m�2 �i�Q �/�B�p�B�b�B�Q�M �#�v �x�2�`�Q�X �h�?�B�b �?���T�T�2�M�b �r�?�2�M �i�?�2 �K�Q�b�i �m�M�7���B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �2�[�m���H
�i�Q �i�?�2 �7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M�- �r�?�B�+�? �Q�+�+�m�`�b �r�?�2�Mk = n�X �q�2 �i�?�2�`�2�7�Q�`�2 �2�t�+�H�m�/�2 �i�?�B�b
�+���b�2 �7�`�Q�K �Q�m�` �+�Q�`�`�2�+�i�B�Q�M�b�X

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

�9�N



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�6�Q�"̀ �C���B�M�Q�`�B�- �r�2 ���T�T�H�v �i�?�2 �7�Q�H�H�Q�r�B�M�; �M�Q�`�K���H�B�b���i�B�Q�M �Q�M �1�[�X �U�k�X�R�V�, ���b �i�?�2 �?�B�;�?�2�`
�i�?�2 �b�+�Q�`�2�- �i�?�2 �7���B�`�2�`�- �r�2 �m�b�2 �1�[�X �U�k�X�R�y�V ���bx �K���t ���M�/x �K�B�M= k

n �#�2�+���m�b�2 �i�?�2�b�2 ���`�2 �i�?�2
�K�Q�b�i �7���B�` ���M�/ �m�M�7���B�` �!k �p���H�m�2�b�X �1�[�X �U�k�X�R�y�V �b�B�K�T�H�B�}�2�b �i�Qy = km

n �r�?�2�Mkm < n �- ���M�/
�b�B�K�T�H�B�}�2�b �i�Q �R �r�?�2�Mn j km�X

�C���B�M�K���t =
(km)2

n
�

n
�

km
n

� 2
+ ( km �K�Q�/n)

�
2

�
km
n

�
+ 1

� � �U�k�X�R�y�V

�C���B�M�Q�m�=̀
�C���B�M�Q�`�B� k

n

�C���B�M�K���t � k
n

�U�k�X�R�R�V

�q�2 �M�Q�`�K���H�B�b�2" �Z�6�Q�`�B�b�B�K�B�H���`�H�v �i�Q �i�?�2 ���#�Q�p�2�X ���b �i�?�2 �?�B�;�?�2�` �i�?�2 �Z�6 �b�+�Q�`�2�- �i�?�2
�7���B�`�2�`�- �r�2 �m�b�2xmax = �K�B�M(y;1) ���M�/xmin = k

n �X

�Z�6�Q�m�=̀

8
<

:

�Z�6�Q�`�B�
k
n

1� k
n

= jRj� k
n� k �B�7km � n

�Z�6�Q�`�B�
k
n

km
n � k

n
= jRj� k

k(m� 1) �Q�i�?�2�`�r�B�b�2
�U�k�X�R�k�V

�q�2 ���+�F�M�Q�r�H�2�/�;�2 �i�?���i �#�v �T�2�`�7�Q�`�K�B�M�; �i�?�B�b �M�Q�`�K���H�B�b���i�B�Q�M �Q�M �Z�6�Q�`�B�- �i�?�2�`�2 �B�b �M�Q�r
���M ���/�/�B�i�B�Q�M���H �r���v �Q�7 �K�2���b�m�`�B�M�; �7���B�`�M�2�b�b�X �h�?�2 �M�2�r �b�+�Q�`�2 �+���M �M�Q�r �#�2 �B�M�i�2�`�T�`�2�i�2�/ ���b
�ó�;�B�p�2�M �i�?���i �2���+�? �B�i�2�K �b�?�Q�m�H�/ �#�2 �`�2�+�Q�K�K�2�M�/�2�/ ���i �H�2���b�i �Q�M�+�2�- �?�Q�r �7���B�` �i�?�2 �`�2�+�Q�K�K�2�M�@
�/���i�B�Q�M �B�b �r�X�`�X�i�X �i�?�2 �K�Q�b�i �m�M�7���B�` ���M�/ �i�?�2 �7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M�ô�X �h�?�2 �K�Q�b�i �U�m�M�V�7���B�`
�`�2�+�Q�K�K�2�M�/���i�B�Q�M ���M�/ �i�?�2 �M�Q�`�K���H�B�b���i�B�Q�M �/�2�T�2�M�/ �Q�M �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�b�H�Q�i�b�- ���M�/ �r�2 ���`�;�m�2 �i�?���i �B�i �B�b �#�2�i�i�2�` �i�Q �m�b�2 �i�?�B�b �M�m�K�#�2�` �B�M�b�i�2���/ �Q�7 �m�b�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7
�B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i�b�c �B�M �T�`���+�i�B�+�2�- �i�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�K�b �b�?�Q�r�M �i�Q �i�?�2 �m�b�2�`�b �B�b ���H�K�Q�b�i
���H�r���v�b �H�B�K�B�i�2�/�X �>�Q�r�2�p�2�`�- �B�7 �Z�6 �B�b �K�2���M�i �i�Q �#�2 �m�b�2�/ �7�Q�` �/�2�i�2�+�i�B�M�; �i�?�2 �T�2�`�+�2�M�i���;�2
�Q�7 �B�i�2�K�b �i�?���i ���`�2 �2�t�T�Q�b�2�/�- �i�?�2�M �i�?�2 �Z�6�Q�`�B�K���v �#�2 �m�b�2�/ ���i �i�?�2 �2�t�T�2�M�b�2 �Q�7 �M�2�2�/�B�M�;
���/�/�B�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M �Q�M �r�?���i �B�b �i�?�2 �#�2�b�i �T�Q�b�b�B�#�H�2 �Z�6 �b�+�Q�`�2�- �i�Q �F�M�Q�r �i�?�2 �H�B�K�B�i �Q�7
�?�Q�r �7���B�` �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �+���M �#�2�X

�6�Q�"̀ �1�M�i�Q�`�B�- ���b �i�?�2 �?�B�;�?�2�` �i�?�2 �b�+�Q�`�2�- �i�?�2 �7���B�`�2�`�- �r�2 �m�b�2 �1�[�X �U�k�X�R�j�V ���bx �K���t �r�?�2�M
km � n �Q�x̀ �K���t = �H�Q�;km �Q�i�?�2�`�r�B�b�2�- ���M�/x �K�B�M= �H�Q�;k �7�Q�` �M�Q�`�K���H�B�b���i�B�Q�M�X �1�[�X �U�k�X�R�j�V
�b�B�K�T�H�B�}�2�b �i�Q �H�Q�;n �r�?�2�Mn j km�X

�1�M�i�K���t = � (n � km �K�Q�/n)

 �
km
n

�

km
�H�Q�;

�
km
n

�

km

!

�U�k�X�R�j�V

� (km �K�Q�/n)

 �
km
n

�
+ 1

km
�H�Q�;

�
km
n

�
+ 1

km

!

�U�k�X�R�9�V

�8�y



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�>�Q�r�2�p�2�`�-" �1�M�i�Q�`�B�b�i�B�H�H �b�m�z�2�`�b �7�`�Q�K�m�M�/�2�}�M�2�/�M�2�b�b�- �r�?�B�+�? �r�2 �`�2�b�Q�H�p�2 �#�v �`�2�b�i�`�B�+�i�@
�B�M�; �i�?�2 �b�m�K �Q�p�2�`i �B�M �1�[�X �U�k�X�j�V �i�Q �Q�M�H�v �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b�,

�1�M�i�/�2�7= �
X

i 2 R

p(i ) �H�Q�;p(i ) �U�k�X�R�8�V

�r�?�2�`�2p(i ) �B�b �+���H�+�m�H���i�2�/ �p�B�� �1�[�X �U�k�X�j�V ���M�/p(i ) > 0 �#�2�+���m�b�2i 2 R�X �S�2�`�7�Q�`�K�B�M�;
�M�Q�`�K���H�B�x���i�B�Q�M �Q�M �1�[�X �U�k�X�R�8�V�- �r�2 �Q�#�i���B�M�,

�1�M�i�Q�m�=̀

(
�1�M�i�/�2�7� �H�Q�;k
�1�M�i�K���t � �H�Q�;k �B�7km � n
�1�M�i�/�2�7� �H�Q�;k
�H�Q�;km � �H�Q�;k = �1�M�i�/�2�7� �H�Q�;k

�H�Q�;m �Q�i�?�2�`�r�B�b�2
�U�k�X�R�e�V

�6�Q�#̀�:�B�M�B�Q�`�B�- ���b �i�?�2 �H�Q�r�2�` �i�?�2 �b�+�Q�`�2�- �i�?�2 �7���B�`�2�`�- �r�2 �m�b�2 �1�[�X �U�k�X�R�d�V ���bx �K�B�M���M�/
x �K���t = 1 � k

n �X �1�[�X �U�k�X�R�d�V �b�B�K�T�H�B�}�2�b �i�Q1 � y �r�?�2�Mkm > n �- ���M�/ �b�B�K�T�H�B�}�2�b �i�Q �y �r�?�2�M
n j km�X

�:�B�M�B�K�B�M=
(n � km �K�Q�/n)(km �K�Q�/n)

kmn
�U�k�X�R�d�V

�:�B�M�B�Q�m�=̀
�:�B�M�B�Q�`�B� �:�B�M�B�K�B�M

1 � k
n � �:�B�M�B�K�B�M

�U�k�X�R�3�V

�6�Q�#̀�:�B�M�B�@�r�Q�`�B�- �r�2 �Q�M�H�v �+�Q�M�b�B�/�2�` �+���b�2�b �r�?�2�`�2km � n ���b �}�M�/�B�M�; �i�?�2 �K�Q�b�i �7���B�` �`�2�+�Q�K�@
�K�2�M�/���i�B�Q�M �H�B�b�i ���+�`�Q�b�b ���H�H �m�b�2�`�b �7�Q�` �i�?�2 �Q�i�?�2�` �+���b�2�b �B�b ���M���H�v�i�B�+���H�H�v �M�Q�i �T�Q�b�b�B�#�H�2�X �h�?�2
�T�`�Q�#�H�2�K �/�Q�2�b �M�Q�i �?���p�2 �� �+�H�Q�b�2�/ �7�Q�`�K �b�Q�H�m�i�B�Q�M ���M�/ �+�Q�K�T�m�i�B�M�; �i�?�2 �b�Q�H�m�i�B�Q�M �`�2�[�m�B�`�2�b
�b�Q�H�p�B�M�; �� �+�Q�M�b�i�`���B�M�2�/ �Q�T�i�B�K�B�x���i�B�Q�M �i�?���i �+�Q�M�b�B�/�2�`�b ���H�H �T�Q�b�b�B�#�H�2 �T�2�`�K�m�i���i�B�Q�M�b �Q�7 �`�2�+�@
�Q�K�K�2�M�/���i�B�Q�M�b ���+�`�Q�b�b �m�b�2�`�b�X �q�2 �m�b�2 �1�[�X �U�k�X�R�N�V ���bx �K�B�M�r�?�2�Mkm � n�- x �K�B�M= 0
�Q�i�?�2�`�r�B�b�2�- ���M�/ �1�[�X �U�k�X�k�y�V ���bx �K���t �i�Q �M�Q�`�K���H�B�b�2#�:�B�M�B�@�r�Q�`�B�X

�:�B�M�B�@�r�K�B�M=

kP

`=1

n� `m + mP

j = n� `m +1
(2j � n � 1) �H�Q�;`+1 2

mn
kP

`=1
�H�Q�;`+1 2

�U�k�X�R�N�V

�:�B�M�B�@�r�K���t =

kP

`=1
(n � 2` + 1) �H�Q�;`+1 2

n
kP

`=1
�H�Q�;`+1 2

�U�k�X�k�y�V

�:�B�M�B�@�r�Q�m�=̀

(
�:�B�M�B�@�r�Q�`�B� �:�B�M�B�@�r�K�B�M

�:�B�M�B�@�r�K���t � �:�B�M�B�@�r�K�B�M
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�y���R�y �B�M �"�Q�Q�F�@�t�X �q�2 �/�Q �M�Q�i �+�Q�M�p�2�`�i �7�Q�` �G���b�i�7�K ���b �B�i �m�b�2�b �B�K�T�H�B�+�B�i �7�2�2�/�#���+�F�- �b�Q ���H�H
�B�M�i�2�`���+�i�B�Q�M�b �?���p�2 �� �p���H�m�2 �Q�7 �R�X �6�Q�` �/�m�T�H�B�+���i�2 �p���H�m�2�b�- �r�2 �F�2�2�T �i�?�2 �H���b�i �B�M�i�2�`���+�i�B�Q�M�X
�_�2�+�Q�K�K�2�M�/�2�`�b�X �6�Q�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �r�2 �m�b�2�, �S�Q�T �(�R�3�k�) �U�`�2�+�Q�K�K�2�M�/�bk �K�Q�b�i
�T�Q�T�m�H���` �B�i�2�K�b�V�- �B�i�2�K�@�#���b�2�/ �E�@�L�2���`�2�b�i �L�2�B�;�?�#�Q�m�`�b �U�A�i�2�K�E�L�L�V �(�8�8�)�- �a�T���`�b�2 �G�B�M�2���`
�J�2�i�?�Q�/ �U�a�G�A�J�V �(�R�8�3�)�- �"���v�2�b�B���M �S�2�`�b�Q�M���H�B�x�2�/ �_���M�F�B�M�; �U�"�S�_�V �(�R�3�8�)�- �L�2�m�`���H �:�`���T�?

�R�k�?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�_�l�*���A�"�Q�t�f�_�2�+�a�v�b�.���i���b�2�i�b
�R�j�?�i�i�T�,�f�f�r�r�r�X�H���b�i�7�K�X�+�Q�K

�8�j



�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�*�Q�H�H���#�Q�`���i�B�p�2 �6�B�H�i�2�`�B�M�; �U�L�:�*�6�V �(�k�k�e�)�- �L�2�m�`���H �J���i�`�B�t �6���+�i�Q�`�B�x���i�B�Q�M �U�L�2�m�J�6�V �(�N�8�)�-
���M�/ �o���`�B���i�B�Q�M���H ���m�i�Q�2�M�+�Q�/�2�` �r�B�i�? �K�m�H�i�B�M�Q�K�B���H �H�B�F�2�H�B�?�Q�Q�/ �U�J�m�H�i�B�o���1�V �(�R�j�8�)�X �q�2 �m�b�2
�i�`���B�M�B�M�; �#���i�+�? �b�B�x�2�b �Q�74096�- ���/���K �(�R�R�d�) ���b �Q�T�i�B�K�B�x�2�`�- ���M�/ �i�?�2 �_�2�+�"�Q�H�2 �H�B�#�`���`�v �(�k�e�y�)�X
�q�2 �i�`���B�M �"�S�_�- �L�:�*�6�- �L�2�m�J�6�- ���M�/ �J�m�H�i�B�o���1 �7�Q�`300�2�T�Q�+�?�b�- �#�m�i �m�b�2 �2���`�H�v �b�i�Q�T�T�B�M�;
�Q�710 �2�T�Q�+�?�b ���M�/ �F�2�2�T �i�?�2 �K�Q�/�2�H �i�?���i �T�`�Q�/�m�+�2�b �i�?�2 �#�2�b�i �L�.�*�:�!�R�y �Q�M �i�?�2 �p���H�B�/���i�B�Q�M
�b�2�i�X �q�2 �i�m�M�2 �?�v�T�2�`�T���`���K�2�i�2�`�b �Q�M ���H�H �K�Q�/�2�H�b �2�t�+�2�T�i �S�Q�T�- �r�B�i�? �_�2�+�"�Q�H�2�ö�b �?�v�T�2�`�T���`���K�@
�2�i�2�` �i�m�M�B�M�; �K�Q�/�m�H�2�X �h�?�2 �?�v�T�2�`�T���`���K�2�i�2�` �b�2���`�+�? �b�T���+�2 ���M�/ �Q�T�i�B�K���H �?�v�T�2�`�T���`���K�2�i�2�`�b
���`�2 �B�M ���T�T�X�k�X�N�X�k�X�R�X �6�Q�` ���H�H �`�2�+�Q�K�K�2�M�/�2�`�b�- �r�?�2�M �r�2 �;�2�M�2�`���i�2 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�H�B�b�i �7�Q�` �� �m�b�2�` �/�m�`�B�M�; �i�2�b�i�B�M�;�- �i�?�2 �B�i�2�K�b �B�M �i�?�2 �m�b�2�`�ö�b �i�`���B�M �Q�` �p���H�B�/���i�B�Q�M �b�2�i ���`�2 �T�H���+�2�/
���i �i�?�2 �2�M�/ �Q�7 �i�?�2 �m�b�2�`�ö�b �H�B�b�i �i�Q ���p�Q�B�/ �`�2�@�`�2�+�Q�K�K�2�M�/�B�M�; �i�?�2�K�X
�J�2���b�m�`�2�b�X �q�2 �2�p���H�m���i�2 �K�Q�/�2�H�b �r�X�`�X�i�X ���V �`�2�H�2�p���M�+�2�@�Q�M�H�v �K�2���b�m�`�2�b �U�>�_�- �J�_�_�- �S�`�2�+�B�@
�b�B�Q�M �U�S�V�- �_�2�+���H�H �U�_�V�- �J���S�- �L�.�*�:�V�- ���M�/ �#�V �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �K�2���b�m�`�2�b�- �#�Q�i�?
�i�?�2 �Q�`�B�;�B�M���H ���M�/ �Q�m�` �+�Q�`�`�2�+�i�2�/ �K�2���b�m�`�2�b�X ���H�H �K�2���b�m�`�2�b ���`�2 �+�Q�K�T�m�i�2�/ ���ik = 10�-
�m�M�H�2�b�b �Q�i�?�2�`�r�B�b�2 �b�i���i�2�/�X �q�2 �2�p���H�m���i�2 �Q�M �i�?�2 �7�m�H�H �i�2�b�i �b�2�i �Q�7 �B�i�2�K�b �B�M�b�i�2���/ �Q�7 �� �b���K�T�H�2
�Q�7 �i�?�2�K�- ���b �/�Q�B�M�; �i�?�2 �H���i�i�2�` �B�b �F�M�Q�r�M �i�Q �v�B�2�H�/ �K�B�b�H�2���/�B�M�; �`�2�b�m�H�i�b �(�R�k�y�)�X �h�?�B�b �H�2���/�b �i�Q
�H�Q�r�2�` �T�2�`�7�Q�`�K���M�+�2 �i�?���M �`�2�T�Q�`�i�2�/ �r�?�2�M �b���K�T�H�B�M�; �i�?�2 �i�2�b�i �b�2�i�X �G���b�i�H�v�- �7�Q�` �1�M�i�- �r�2 �m�b�2
�i�?�2 �H�Q�; �#���b�2�@n�X �6�Q�` �o�Q�*�. �r�2 �+�?�Q�Q�b�2 �i�?�2 �p���H�m�2�b �Q�7� ���M�/� �b�m�+�? �i�?���i �o�Q�*�. �K���B�M�i���B�M�b
�+�Q�K�T���`���#�B�H�B�i�v �r�B�i�? �i�?�2 �Q�i�?�2�` �7���B�`�M�2�b�b �K�2���b�m�`�2�b�, ���H�H �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b ���`�2 �+�Q�M�b�B�/�@
�2�`�2�/ �b�B�K�B�H���`�R�9�U� = 2�V ���M�/ �i�?�m�bA �B�b �i�?�2 �b�2�i �Q�7 ���H�H �T�Q�b�b�B�#�H�2 �T���B�`�b �Q�7 �/�B�z�2�`�2�M�i �B�i�2�K�b �B�M
�i�?�2 �i�Q�Tk�- �r�B�i�?�Q�m�i ���M�v �i�Q�H�2�`���M�+�2 �7�Q�` �+�Q�p�2�`���;�2 �/�B�b�T���`�B�i�v �U� = 0�V�X �q�2 ���H�b�Q �+�?�Q�Q�b�2 �i�?�B�b
�+�Q�M�}�;�m�`���i�B�Q�M �i�Q ���p�Q�B�/ �`�2�H�B���M�+�2 �Q�M �b�B�K�B�H���`�B�i�v �b�+�Q�`�2�b �#���b�2�/ �Q�M �B�i�2�K �2�K�#�2�/�/�B�M�;�b�X �6�Q�`
�A�A�@�. ���M�/ ���A�@�.�- �r�2 �m�b�2
 = 0:8 �(�k�j�9�)�X

�k�X�8�X�k���M���H�v�b�B�b �Q�7 �_�2�H�2�p���M�+�2 ���M�/ �6���B�`�M�2�b�b

�q�2 �b�i���`�i �#�v �b�i�m�/�v�B�M�; �i�?�2 �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �Q�7 �b�2�p�2�`���H �`�2�+�Q�K�K�2�M�/�2�` �K�Q�/�2�H�b�X �q�2
�+�Q�K�T���`�2 ���V �/�B�z�2�`�2�M�i �`�2�+�Q�K�K�2�M�/�2�` �K�Q�/�2�H�b �r�X�`�X�i�X �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �b�+�Q�`�2�b�- ���M�/
�#�V �/�B�z�2�`�2�M�i �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�b�- �B�M�+�H�m�/�B�M�; �+�Q�`�`�2�+�i�2�/ ���M�/ �m�M�+�Q�`�`�2�+�i�2�/ �K�2���b�m�`�2�b�X �h�?�2
�;�Q���H �Q�7 ���V �B�b �i�Q �b�i�m�/�v �r�?�2�i�?�2�` �`�2�H�2�p���M�+�2 ���M�/�f�Q�` �7���B�`�M�2�b�b �b�+�Q�`�2�b �p���`�v �#�2�i�r�2�2�M �K�Q�/�2�H�b�-
���M�/ �i�Q �Q�#�i���B�M �� �`���M�F�B�M�; �Q�7 �K�Q�/�2�H�b �i�?���i �B�b �m�b�2�/ �B�M �b�m�#�b�2�[�m�2�M�i ���M���H�v�b�B�b �Ux�k�X�8�X�j�V�X �h�?�2
�;�Q���H �Q�7 �#�V �B�b �i�Q �b�i�m�/�v �K�2���b�m�`�2�b �#���b�2�/ �Q�M �/�B�p�2�`�b�2 �+�Q�M�+�2�T�i�b �Q�7 �7���B�`�M�2�b�b�- ���M�/ �?�B�;�?�H�B�;�?�i
�i�?�2�B�` �/�B�z�2�`�2�M�+�2�b �U���M�/ �b�B�K�B�H���`�B�i�v�- �B�7 ���M�v�V�X

�h�?�2 �2�p���H�m���i�B�Q�M �`�2�b�m�H�i�b ���`�2 �b�?�Q�r�M �B�M �h���#�X�k�X�d�7�Q�` �G���b�i�7�K ���M�/ �J�H�@�R�K�- ���M�/ �B�M
���T�T�X�k�X�N�X�k�X�k�7�Q�` �i�?�2 �Q�i�?�2�` �/���i���b�2�i�b�X

�R�9���H�H �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �r�B�H�H �#�2 �i�`�2���i�2�/ ���b �b�B�K�B�H���` �B�i�2�K�b ���bsim(i; i 0) � 1� 2 = � 1 ���M�/sim(i; i 0) 2
[� 1; 1]�X
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�h���#�H�2 �k�X�e�, �a�i���i�B�b�i�B�+�b �Q�7 �i�?�2 �/���i���b�2�i�b �#�2�7�Q�`�2 ���M�/ ���7�i�2�` �Q�m�` �T�`�2�T�`�Q�+�2�b�b�B�M�;�X

�/���i���b�2�i �O�m�b�2�`�b �O�B�i�2�K�b �O�B�M�i�2�`���+�i�B�Q�M�b �b�T���`�b�B�i�v �U�W�V

�Q�`�B�;�B�M���H �U���b �T� �̀Q�p�B�/�2�/ �#�v �(�k�e�y�)�V

�G���b�i�7�K�R�j �R�-�3�N�k �R�d�-�e�j�k �N�k�-�3�j�9 �N�N�X�d�k�R�d�W
�J�H�@�R�K �(�N�9�) �e�-�y�9�y �j�-�d�y�e �R�-�y�y�y�-�k�y�N �N�8�X�8�j�R�e�W
�"�Q�Q�F�@�t �(�k�e�N�) �R�y�8�-�k�3�j �j�9�y�-�8�8�e �R�-�R�9�N�-�d�3�y �N�N�X�N�N�e�3�W
���K���x�Q�M�@�H�# �(�R�8�e�) �9�R�e�-�R�d�9 �R�k�-�R�k�y �8�d�9�-�e�k�3 �N�N�X�N�3�3�e�W
���K���x�Q�M�@�/�K �(�R�8�e�) �3�9�y�-�j�d�k �9�8�e�-�N�N�k �R�-�8�3�9�-�y�3�k �N�N�X�N�N�N�e�W
���K���x�Q�M�@�B�b �(�R�8�e�) �R�-�k�9�e�-�R�j�R �R�e�8�-�d�e�9 �R�-�d�8�3�-�j�j�j �N�N�X�N�N�N�R�W

�T� �̀2�T� �̀Q�+�2�b�b�2�/ �U�#�v �m�b�V

�G���b�i�7�K �R�-�3�8�N �k�-�3�k�j �d�R�-�j�8�8 �N�3�X�e�9�y�j�W
�J�H�@�R�K �e�-�y�j�3 �j�-�j�y�d �3�j�8�-�d�3�N �N�8�X�3�R�9�j�W
�"�Q�Q�F�@�t �8�-�e�j�N �d�-�9�8�8 �N�R�-�j�3�8 �N�N�X�d�3�k�e�W
���K���x�Q�M�@�H�# �R�-�e�9�9 �d�N�R �R�e�-�d�e�8 �N�3�X�d�R�y�3�W
���K���x�Q�M�@�/�K �R�R�-�d�8�y �N�-�9�e�k �R�R�e�-�e�3�R �N�N�X�3�N�8�R�W
���K���x�Q�M�@�B�b �e�-�8�d�9 �j�-�8�e�N �9�8�-�d�e�k �N�N�X�3�y�8�y�W

�k�X�8�X�k�X�R�.�B�b�+�m�b�b�B�Q�M �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �K�Q�/�2�H�b �B�M �h���#�X�k�X�d

�"�S�_ �?���b �i�?�2 �?�B�;�?�2�b�i �`�2�H�2�p���M�+�2 �b�+�Q�`�2�b�- �r�?�B�H�2 �J�m�H�i�B�o���1 �;�2�M�2�`���H�H�v �?���b �i�?�2 �?�B�;�?�2�b�i
�7���B�`�M�2�b�b �b�+�Q�`�2�b�X �"�2�i�r�2�2�M �"�S�_ ���M�/ �J�m�H�i�B�o���1�- �r�2 �Q�#�b�2�`�p�2 �i�?���i �i�?�2 �`�2�H�2�p���M�+�2 �b�+�Q�`�2�b
���`�2 �?�B�;�?�2�` �B�M �"�S�_ �#�m�i �i�?�2 �7���B�`�M�2�b�b �b�+�Q�`�2�b ���`�2 �?�B�;�?�2�` �7�Q�` �J�m�H�i�B�o���1�X �1�X�;�X�- �B�M �G���b�i�7�K�-
�L�.�*�: = 0:223 �7�Q�` �"�S�_ ���M�/ �L�.�*�:= 0:219 �7�Q�` �J�m�H�i�B�o���1�X �J�2���M�r�?�B�H�2�- �i�?�2 �?�B�;�?�2�`�@
�B�b�@�#�2�i�i�2�` �7���B�`�M�2�b�b �b�+�Q�`�2�b �`���M�;�2 �#�2�i�r�2�2�M[0:078; 0:656] �7�Q�` �"�S�_ ���M�/[0:132; 0:763] �7�Q�`
�J�m�H�i�B�o���1�X �h�?�B�b �B�b �M�Q�i ���H�r���v�b �Q�#�b�2�`�p�2�/ �7�Q�` ���H�H �K�Q�/�2�H�b�X �1�X�;�X�- �7�Q�` �A�i�2�K�E�L�L ���M�/
�a�G�A�J�- �#�2�i�i�2�` �7���B�`�M�2�b�b �i�2�M�/�b �i�Q �#�2 ���+�+�Q�K�T���M�B�2�/ �#�v �#�2�i�i�2�` �`�2�H�2�p���M�+�2�X �6�m�`�i�?�2�`�K�Q�`�2�-
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" �C���B�M�Q�m�` �y�X�y�y�R�3�k�9 �y�X�y�9�d�9�j�9 �y�X�y�k�8�d�R�8 �y�X�y�d�d�d�R�9 �y�X�y�3�j�3�k�k �y�X�y�N�9�R�y�j�y�X�R�j�R�e�N�k
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# �:�B�M�B�Q�m�` �y�X�N�N�3�8�e�9 �y�X�N�y�3�k�8�R �y�X�N�d�y�e�e�3 �y�X�3�3�j�8�N�R �y�X�3�3�9�y�y�9 �y�X�3�e�k�3�d�d�y�X�d�d�8�y�e�d
# �:�B�M�B�@�r�Q�`�B �y�X�N�N�8�N�3�9 �y�X�N�R�8�d�d�j �y�X�N�d�k�j�j�R �y�X�3�N�8�R�8�9 �y�X�3�N�e�3�d�y �y�X�3�d�N�d�j�y�y�X�d�N�j�N�e�k
# �:�B�M�B�@�r�Q�m�` �y�X�N�N�3�d�9�d �y�X�N�R�3�j�R�j �y�X�N�d�8�y�k�3 �y�X�3�N�d�e�j�d �y�X�3�N�N�j�8�3 �y�X�3�3�k�R�d�y�y�X�d�N�e�R�e�9
# �o�Q�*�.�Q�`�B �y�X�e�e�N�R�j�8 �y�X�e�y�N�y�e�R �y�X�d�y�9�9�R�8 �y�X�e�9�y�3�9�e �y�X�e�8�e�e�y�N �y�X�e�9�R�9�e�8�y�X�8�N�3�8�R�y
# �A�A�@�.�Q�`�B �y�X�y�y�y�N�d�y �y�X�y�y�y�N�d�y �y�X�y�y�y�N�d�y �y�X�y�y�y�N�d�y �y�X�y�y�y�N�d�y �y�X�y�y�y�N�d�y �y�X�y�y�y�N�d�y
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" �J���S �y�X�y�k�8�N�9�y �y�X�y�j�e�R�j�k �y�X�y�j�e�3�j�y�y�X�y�j�3�j�3�N�y�X�y�j�d�9�e�y �y�X�y�j�j�8�e�3 �y�X�y�j�8�k�3�9
" �_ �y�X�y�9�y�R�N�8 �y�X�y�e�9�N�j�8 �y�X�y�d�R�N�k�j�y�X�y�d�j�e�9�d�y�X�y�e�d�k�9�9 �y�X�y�e�y�3�e�R �y�X�y�e�3�d�8�8
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" �C���B�M�Q�`�B �y�X�y�y�e�3�e�d �y�X�y�k�j�R�9�j �y�X�y�9�8�9�e�j�y�X�y�e�3�k�N�e�y�X�y�8�d�N�d�9 �y�X�y�8�N�j�N�e �y�X�y�e�8�k�N�3
" �C���B�M�Q�m�` �y�X�y�y�j�3�8�d �y�X�y�k�y�R�N�k �y�X�y�9�k�8�N�j�y�X�y�e�8�8�y�3�y�X�y�8�8�R�9�3 �y�X�y�8�e�8�d�e �y�X�y�e�k�9�N�N
" �Z�6�Q�`�B �y�X�y�9�y�3�k�k �y�X�R�3�3�j�3�3 �y�X�k�j�e�R�e�e �y�X�9�9�9�k�y�N �y�X�j�y�e�y�R�3 �y�X�j�3�9�j�j�e�y�X�9�3�8�N�j�N
" �Z�6�Q�m�` �y�X�y�j�d�N�R�j �y�X�R�3�8�N�k�d �y�X�k�j�j�3�9�N �y�X�9�9�k�8�k�9 �y�X�j�y�j�N�R�j �y�X�j�3�k�9�e�N�y�X�9�3�9�j�3�y
" �1�M�i�Q�`�B �M���M �M���M �M���M �M���M �M���M �M���M �M���M
" �1�M�i�Q�m�` �y�X�R�3�d�R�N�e �y�X�9�j�8�d�j�N �y�X�8�8�k�N�y�y �y�X�e�8�y�8�8�e �y�X�e�y�e�3�N�j �y�X�e�k�j�k�9�N�y�X�e�8�k�e�d�k
" �6�a���i�Q�`�B �y�X�y�k�y�3�e�8 �y�X�y�e�N�8�9�N �y�X�R�R�9�e�y�8 �y�X�R�e�9�8�y�y �y�X�R�9�d�k�e�j �y�X�R�8�j�j�R�R�y�X�R�e�d�8�k�j
" �6�a���i�Q�m�` �y�X�y�R�d�3�N�8 �y�X�y�e�e�d�k�d �y�X�R�R�R�N�k�y �y�X�R�e�R�N�e�8 �y�X�R�9�9�e�d�d �y�X�R�8�y�d�9�j�y�X�R�e�9�N�N�3
# �:�B�M�B�Q�`�B �y�X�N�N�j�k�k�N �y�X�N�d�y�8�3�j �y�X�N�9�k�e�8�8 �y�X�3�N�j�y�3�y �y�X�N�R�N�3�R�e �y�X�N�y�3�N�N�8�y�X�3�3�3�N�d�d
# �:�B�M�B�Q�m�` �y�X�N�N�e�k�y�R �y�X�N�d�j�k�9�e �y�X�N�9�9�N�j�8 �y�X�3�N�9�e�3�R �y�X�N�k�R�d�3�j �y�X�N�R�y�3�R�j�y�X�3�N�y�8�k�R
# �:�B�M�B�@�r�Q�`�B �y�X�N�N�9�j�d�d �y�X�N�d�j�y�3�3 �y�X�N�9�3�3�j�e �y�X�N�y�k�9�y�j �y�X�N�k�d�e�8�R �y�X�N�R�3�R�3�3�y�X�3�N�9�d�N�3
# �:�B�M�B�@�r�Q�m�` �y�X�N�N�e�d�j�R �y�X�N�d�8�j�N�R �y�X�N�8�R�y�3�k �y�X�N�y�9�8�j�N �y�X�N�k�N�3�9�e �y�X�N�k�y�j�e�R�y�X�3�N�e�N�R�e
# �o�Q�*�.�Q�`�B �y�X�d�3�N�3�3�3 �y�X�d�j�j�y�9�k �y�X�d�j�d�8�j�y �y�X�d�y�8�d�e�k �y�X�d�k�9�N�R�N �y�X�d�R�k�d�d�9�y�X�e�N�N�N�3�y
# �A�A�@�.�Q�`�B �y�X�y�y�y�3�k�3 �y�X�y�y�y�3�k�3 �y�X�y�y�y�3�k�3 �y�X�y�y�y�3�k�3 �y�X�y�y�y�3�k�3 �y�X�y�y�y�3�k�3 �y�X�y�y�y�3�k�3
# ���A�@�.�Q�`�B �y�X�y�y�y�j�3�R �y�X�y�y�y�y�N�e �y�X�y�y�y�y�9�N �y�X�y�y�y�y�j�k �y�X�y�y�y�y�j�3 �y�X�y�y�y�y�j�3�y�X�y�y�y�y�j�y
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�M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�H�B�K�B�i���i�B�Q�M �U�*���m�b�2�b �R���j�V�X �q�2 �2�t�T�2�`�B�K�2�M�i �b�Q�H�2�H�v �r�B�i�? �i�?�2 �7���B�`�@
�M�2�b�b �K�2���b�m�`�2�b �7�Q�` �r�?�B�+�? �r�2 �?���p�2 �`�2�b�Q�H�p�2�/ �i�?�B�b �H�B�K�B�i���i�B�Q�M�- �M���K�2�H�v �C���B�M�- �Z�6�- �1�M�i�-
�:�B�M�B�- �:�B�M�B�@�r�- ���M�/ �6�a���i�X �q�2 �T�`�B�K���`�B�H�v �+�Q�K�T���`�2 �i�?�2 �Q�`�B�;�B�M���H �U�m�M�+�Q�`�`�2�+�i�2�/�V �p�2�`�b�B�Q�M�b
�Q�7 �i�?�2�b�2 �K�2���b�m�`�2�b ���;���B�M�b�i �i�?�2 �+�Q�`�`�2�+�i�2�/ �Q�M�2�b�X �q�2 �m�b�2 �i�r�Q �b�2�i�i�B�M�;�b�, �`�2�T�2���i���#�H�2 �`�2�+�@
�Q�K�K�2�M�/���i�B�Q�M�- �r�?�2�`�2 �B�i�2�K�b �B�M �i�?�2 �i�`���B�M�f�p���H �b�T�H�B�i �+���M �#�2 �`�2�@�`�2�+�Q�K�K�2�M�/�2�/ �i�Q �m�b�2�`�b
�7�Q�H�H�Q�r�B�M�; �T�`���+�i�B�+���H �+���b�2�b �B�M �B�M�/�m�b�i�`�v �b�2�i�i�B�M�;�b�c ���M�/ �M�Q�M�`�2�T�2���i���#�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�-
�r�?�B�+�? �B�b �i�?�2 �i�v�T�B�+���H �b�2�i�i�B�M�; �7�Q�` �2�p���H�m���i�B�M�; �`�2�+�Q�K�K�2�M�/�2�` �b�v�b�i�2�K�b �B�M ���+���/�2�K�B�+ �r�Q�`�F�X
�6�Q�` �2���+�? �b�2�i�i�B�M�;�- �r�2 �/�2�p�B�b�2 �i�r�Q �`�2�+�Q�K�K�2�M�/�2�`�b�, �J�Q�b�i�6���B�` ���M�/ �J�Q�b�i�l�M�7���B�`�X �_�2�T�2���i�@
���#�H�2 �J�Q�b�i�6���B�` ���B�K�b �i�Q �`�2�+�Q�K�K�2�M�/ �2���+�? �B�i�2�K �B�M �i�?�2 �/���i���b�2�i �i�?�2 �b���K�2 ���K�Q�m�M�i �Q�7
�i�B�K�2�b�X �>�Q�r�2�p�2�`�- �i�?�B�b �B�b �B�K�T�Q�b�b�B�#�H�2 �B�7n - km ���M�/ �B�M �i�?�B�b �+���b�2 �b�Q�K�2 �B�i�2�K�b ���`�2 �`�2�+�@
�Q�K�K�2�M�/�2�/
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km
n

�
�i�B�K�2�b �r�?�B�H�2 �Q�i�?�2�`�b
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+ 1 �i�B�K�2�b�X �6�Q�` �L�Q�M�`�2�T�2���i���#�H�2 �J�Q�b�i�6���B�`�-

�7�Q�` �2���+�? �m�b�2�` �r�2 �;�2�M�2�`���i�2 �� �H�B�b�i �Q�7� �̀2�+�Q�K�K�2�M�/���#�H�2 �B�i�2�K�b�- �/�2�}�M�2�/ ���b �B�i�2�K�b �B�MI �i�?���i
�?���p�2 �M�Q�i ���T�T�2���`�2�/ �B�M �i�?�2�B�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�`���B�M�f�p���H �b�T�H�B�i�X �6�Q�` �Q�M�2 �m�b�2�` ���i �� �i�B�K�2�-
�r�2 �i�?�2�M �`�2�+�Q�K�K�2�M�/ �i�?�2 �H�2���b�i �T�Q�T�m�H���`k �`�2�+�Q�K�K�2�M�/���#�H�2 �B�i�2�K�b �#���b�2�/ �Q�M �i�?�2 �+�m�`�`�2�M�i
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�b �Q�7 ���H�H �m�b�2�`�b�X �_�2�T�2���i���#�H�2 �J�Q�b�i�l�M�7���B�` �`�2�+�Q�K�K�2�M�/�b �i�?�2 �b���K�2k
�B�i�2�K�b �i�Q �2���+�? �m�b�2�`�X �L�Q�M�`�2�T�2���i���#�H�2 �J�Q�b�i�l�M�7���B�` �/�Q�2�b �i�?�2 �b���K�2�- �#�m�i �B�7 ���M�v �Q�7 �i�?�Q�b�2
k �B�i�2�K�b �B�b �� �M�Q�M�@�`�2�+�Q�K�K�2�M�/���#�H�2 �B�i�2�K�- �i�?�2 �M�Q�M�@�`�2�+�Q�K�K�2�M�/���#�H�2 �B�i�2�K �B�b �`�2�T�H���+�2�/ �#�v
�� �`�2�+�Q�K�K�2�M�/���#�H�2 �B�i�2�K�X �h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�B�b �2�t�T�2�`�B�K�2�M�i �7�Q�` �G���b�i�7�K ���M�/ �J�H�@�R�K ���`�2
�T�`�2�b�2�M�i�2�/ �B�M �6�B�;�X�k�X�j���k�X�e���M�/ �7�Q�` �i�?�2 �`�2�K���B�M�B�M�; �/���i���b�2�i�b �B�M ���T�T�X�k�X�N�X�k�X�9�X �q�2 �/�B�b�+�m�b�b
�i�?�2 �}�M�/�B�M�;�b �#�2�H�Q�r�X
�h�?�2�Q�`�2�i�B�+���H �K���t�B�K�m�K �7���B�`�M�2�b�b�X �6�Q�` �#�Q�i�? �M�Q�M�`�2�T�2���i���#�H�2 ���M�/ �`�2�T�2���i���#�H�2 �b�2�i�i�B�M�;�b�-
���H�H �Q�`�B�;�B�M���H �K�2���b�m�`�2�b �7���B�H �i�Q ���+�?�B�2�p�2 �i�?�2�B�` �i�?�2�Q�`�2�i�B�+���H �K���t�B�K�m�K �7���B�`�M�2�b�b �p���H�m�2�b �/�m�2 �i�Q
�i�?�2�M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�H�B�K�B�i���i�B�Q�M �U�*���m�b�2�b �k���j�V�X �h�?�2 �b�+�Q�`�2�b �Q�7 �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2�b
�;�2�i �+�H�Q�b�2�` �i�Q �i�?�2 �i�?�2�Q�`�2�i�B�+���H �K���t�B�K�m�K �7���B�`�M�2�b�b �p���H�m�2�b ���bk �B�M�+�`�2���b�2�b�X �>�Q�r�2�p�2�`�- �i�?�2�b�2
�b�+�Q�`�2�b ���`�2 �b�i�B�H�H �M�Q�i �2�[�m���H �i�Q �i�?�2 �i�?�2�Q�`�2�i�B�+���H �K���t�B�K�m�K �7���B�`�M�2�b�b �p���H�m�2�X �A�M �i�?�2 �Q�`�B�;�B�M���H
�K�2���b�m�`�2�b�- �?���p�B�M�; �K�Q�`�2 �b�H�Q�i�b �/�m�2 �i�Q �H���`�;�2�`k �/�Q�2�b �M�Q�i �;�m���`���M�i�2�2 �i�?���i �i�?�2 �b�+�Q�`�2�b �r�Q�m�H�/
�#�2 �?�B�;�?�2�` ���b �r�2�H�H�X �1�X�;�X�- �i�?�2 �b�+�Q�`�2 �Q�7" �C���B�M�Q�`�B�B�M �6�B�;�X�k�X�j�B�b �?�B�;�?�2�` ���ik = 3 �+�Q�K�T���`�2�/
�i�Qk = 5�- �#�2�+���m�b�2 �Q�7 �i�?�2 �+�?���M�;�B�M�; �p���H�m�2�b �Q�7km �K�Q�/n �7�Q�` �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7k�X �P�m�`
�+�Q�`�`�2�+�i�2�/ �p�2�`�b�B�Q�M�b ���H�r���v�b �`�2���+�? �i�?�2�B�` �i�?�2�Q�`�2�i�B�+���H �K���t�B�K�m�K �7���B�`�M�2�b�b �p���H�m�2�b �7�Q�` �#�Q�i�?
�`�2�T�2���i���#�B�H�B�i�v �b�2�i�i�B�M�;�b�- �2�t�+�2�T�i �7�Q�` �:�B�M�B�@�r�Q�m�`�X �h�?�B�b �#�2�?���p�B�Q�m�` �B�b �/�m�2 �i�Q �i�?�2 �m�M�`�2�b�Q�H�p���#�H�2
�M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �U�*���m�b�2 �9�V�H�B�K�B�i���i�B�Q�M �7�Q�` �:�B�M�B�@�r�X �>�Q�r�2�p�2�`�- �:�B�M�B�@�r�Q�m� �̀+���M �b�i�B�H�H �`�2���+�?
�i�?�2 �i�?�2�Q�`�2�i�B�+���H �K�Q�b�i �7���B�` �p���H�m�2 �r�?�2�Mk = 1 �7�Q�` �G���b�i�7�K �U�6�B�;�X�k�X�9�V�- �r�?�B�H�2 �i�?�2 �Q�`�B�;�B�M���H
�p�2�`�b�B�Q�M �7���B�H�b �i�Q �/�Q �b�Q�X
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�6�B�;�m�`�2 �k�X�j�, �J�Q�b�i �7���B�` �b�+�Q�`�2�b �r�B�i�? �p���`�v�B�M�;k �7�Q�` �?�B�;�?�2�`�@�B�b�@�7���B�`�2�` �7���B�`�M�2�b�b �K�2���b�m�`�2�b
�7�Q�` �G���b�i�7�K ���M�/ �J�H�@�R�K�X ���H�H �b�+�Q�`�2�b �7�`�Q�K �i�?�2 �+�Q�`�`�2�+�i�2�/ �K�2���b�m�`�2�b �U�/�2�M�Q�i�2�/ �#�v �õ�Q�m�`�ö�V
�K�2���b�m�`�2�b �Q�p�2�`�H���T �r�B�i�? �2���+�? �Q�i�?�2�`�X

�6�B�;�m�`�2 �k�X�9�, �J�Q�b�i �7���B�` �b�+�Q�`�2�b �r�B�i�? �p���`�v�B�M�;k �7�Q�` �H�Q�r�2�`�@�B�b�@�7���B�`�2�` �7���B�`�M�2�b�b �K�2���b�m�`�2�b �7�Q�`
�G���b�i�7�K ���M�/ �J�H�@�R�K�X
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�6�B�;�m�`�2 �k�X�8�, �J�Q�b�i �m�M�7���B�` �b�+�Q�`�2�b �r�B�i�? �p���`�v�B�M�;k �7�Q�` �?�B�;�?�2�`�@�B�b�@�7���B�`�2�` �7���B�`�M�2�b�b �K�2���b�m�`�2�b
�7�Q�` �G���b�i�7�K ���M�/ �J�H�@�R�K�X �P�M �_�2�T�2���i���#�H�2 �J�Q�b�i�l�M�7���B�`�- ���H�H �b�+�Q�`�2�b �7�`�Q�K �i�?�2 �+�Q�`�`�2�+�i�2�/
�K�2���b�m�`�2�b �U�/�2�M�Q�i�2�/ �#�v �õ�Q�m�`�ö�V �Q�p�2�`�H���T �r�B�i�? �2���+�? �Q�i�?�2�` �7�Q�` �i�?�2 �b�?�Q�r�M �p���H�m�2�b �Q�7k > 1
�7�Q�` �G���b�i�7�K ���M�/ �7�Q�` ���H�H �b�?�Q�r�M �p���H�m�2�b �Q�7k �7�Q�` �J�H�@�R�K�X

�6�B�;�m�`�2 �k�X�e�, �J�Q�b�i �m�M�7���B�` �b�+�Q�`�2�b �r�B�i�? �p���`�v�B�M�;k �7�Q�` �H�Q�r�2�`�@�B�b�@�7���B�`�2�` �7���B�`�M�2�b�b �K�2���b�m�`�2�b
�7�Q�` �G���b�i�7�K ���M�/ �J�H�@�R�K�X �P�M �_�2�T�2���i���#�H�2 �J�Q�b�i�l�M�7���B�`�- ���H�H �b�+�Q�`�2�b �7�`�Q�K �i�?�2 �+�Q�`�`�2�+�i�2�/
�K�2���b�m�`�2�b �U�/�2�M�Q�i�2�/ �#�v �õ�Q�m�`�ö�V �Q�p�2�`�H���T �r�B�i�? �2���+�? �Q�i�?�2�` �7�Q�` ���H�H �b�?�Q�r�M �p���H�m�2�b �Q�7k�X
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�h�?�2�Q�`�2�i�B�+���H �K�B�M�B�K�m�K �7���B�`�M�2�b�b�X ���H�H �Q�`�B�;�B�M���H �K�2���b�m�`�2�b �7���B�H �i�Q �`�2���+�? �i�?�2 �i�?�2�Q�`�2�i�@
�B�+���H �K�B�M�B�K�m�K �p���H�m�2�b �7�Q�` ���H�H �2�t�T�2�`�B�K�2�M�i�2�/ �p���H�m�2�b �Q�7k �7�Q�` ���H�H �b�2�i�i�B�M�;�b �/�m�2 �i�Q�M�Q�M�@
�`�2���H�B�b���#�B�H�B�i�v�H�B�K�B�i���i�B�Q�M �U�*���m�b�2 �R�V�X �h�?�B�b �?���T�T�2�M�b �H�2�b�b �7�`�2�[�m�2�M�i�H�v �B�M �Q�m�` �K�2���b�m�`�2�b
�U�6�B�;�X�k�X�8�V�X �P�m�` �K�2���b�m�`�2�b �b�m�+�+�2�b�b�7�m�H�H�v ���+�?�B�2�p�2 �i�?�2 �i�?�2�Q�`�2�i�B�+���H �K�B�M�B�K�m�K �7���B�` �p���H�m�2�b
�m�M�/�2�` �i�?�2 �`�2�T�2���i���#�H�2 �b�2�i�i�B�M�;�b�- �2�t�+�2�T�i �7�Q�` �6�a���i �B�M �G���b�i�7�K �U�6�B�;�X�k�X�8�V�X �h�?�B�b �B�b �#�2�+���m�b�2
�r�?�2�Mk = 1�- �i�?�2�`�2 ���`�2 �M�Q�i �2�M�Q�m�;�? �b�H�Q�i�b �7�Q�` �i�?�2 �B�i�2�K�b ���M�/ �/�m�2 �i�Q �i�?�2���H�r���v�b�@�7���B�`
�H�B�K�B�i���i�B�Q�M �i�?���i �B�b �m�M�`�2�b�Q�H�p���#�H�2 �Ux�k�X�9�X�j�V�- �i�?�2 �b�+�Q�`�2 �7�Q�`" �6�a���i �B�b �R�- �r�?�B�+�? �B�b �M�Q�i �i�?�2
�i�?�2�Q�`�2�i�B�+���H �K�B�M�B�K�m�K �7���B�` �p���H�m�2�X ���/�/�B�i�B�Q�M���H�H�v�- �i�?�2 �b�+�Q�`�2�b �Q�7 �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2�b
�/�B�p�2�`�;�2 �7�`�Q�K �i�?�2 �i�?�2�Q�`�2�i�B�+���H �K�B�M�B�K�m�K �7���B�`�M�2�b�b �p���H�m�2 �r�B�i�? �H���`�;�2�`k�X �h�?�B�b �?���T�T�2�M�b �i�Q
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�b�m�`�2�b�- �2�t�B�b�i�B�M�; �7���B�`�M�2�b�b �K�2���b�m�`�2�b ���M�/ �Q�m�` �+�Q�`�`�2�+�i�2�/ �7���B�`�M�2�b�b �K�2���b�m�`�2�b �b�+�Q�`�2�b �+�?���M�;�2
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�2�t�T�2�+�i���i�B�Q�M�b �Q�7 �#�2�B�M�; �#�2�i�r�2�2�M �y ���M�/ �R�X �q�?�B�H�2 �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2�b ���b �T�`�Q�T�Q�b�2�/
�Q�m�i�b�B�/�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �+���M �#�2 �m�b�2�/ ���b �i�?�2�B�` �`���M�;�2�b ���`�2 �F�M�Q�r�M ���M�/ �+���M �#�2 �2���b�B�H�v
�B�M�i�2�`�T�`�2�i�2�/�- �r�2 ���/�p�B�b�2 �m�b�B�M�; �i�?�2�K �i�Q �2�p���H�m���i�2 �Q�M�H�v �`�2�H���i�B�p�2 �7���B�`�M�2�b�b�X
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�l�b�2 �Q�m�` �+�Q�`�`�2�+�i�2�/ �7���B�`�M�2�b�b �K�2���b�m�`�2�b �i�Q �2�p���H�m���i�2 ���#�b�Q�H�m�i�2 �7���B�`�M�2�b�b�X���#�b�Q�@
�H�m�i�2 �7���B�`�M�2�b�b�`�2�7�2�`�b �i�Q �K�2���b�m�`�B�M�; �?�Q�r �+�H�Q�b�2 �� �K�Q�/�2�H�ö�b �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �i�Q �i�?�2 �K�Q�b�i
�U�m�M�V�7���B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�+�2�M���`�B�Q�X �h�Q �2�p���H�m���i�2 ���#�b�Q�H�m�i�2 �7���B�`�M�2�b�b�- �r�2 �`�2�+�Q�K�K�2�M�/ �m�b�@
�B�M�; �Q�m�` �+�Q�`�`�2�+�i�2�/ �K�2���b�m�`�2�b �7�Q�` �C���B�M�- �Z�6�- �1�M�i�- �:�B�M�B�- ���M�/ �6�a���i�X �P�m�` �7���B�`�M�2�b�b �K�2���b�m�`�2�b
���`�2 ���H�r���v�b �T�2�`�7�2�+�i�H�v �+�Q�`�`�2�H���i�2�/ �r�B�i�? �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2�b�- �i�?�m�b �T�`�Q�p�B�/�B�M�; �`�2�b�m�H�i�b
�i�?���i ���H�B�;�M �r�B�i�? �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2�b�X �6�m�`�i�?�2�`�- �Q�m�` �K�2���b�m�`�2�b ���`�2 �r�2�H�H�@�/�2�}�M�2�/ ���M�/
�?���p�2 �#�2�i�i�2�` �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v �r�X�`�X�i�X �?�Q�r �i�?�2 �K�B�M�B�K�m�K�f�K���t�B�K�m�K �b�+�Q�`�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q
�i�?�2 �K�Q�b�i �m�M�7���B�`�f�7���B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�+�2�M���`�B�Q�- ���b �b�?�Q�r�M �B�Mx�k�X�8�X�9�X �P�m�` �7���B�`�M�2�b�b �K�2���@
�b�m�`�2�b ���`�2 �?�B�;�?�H�v �+�Q�`�`�2�H���i�2�/ �r�B�i�? �2���+�? �Q�i�?�2�`�- �#�m�i �#�2�+���m�b�2 �i�?�2�v �Q�T�2�`���i�2 �Q�M �/�B�z�2�`�2�M�i
�b�+���H�2�b�- �Q�M�2 �b�?�Q�m�H�/ �M�Q�i �/�2�/�m�+�2 �i�?���i �� �K�Q�/�2�H �B�b �U�m�M�V�7���B�` �#���b�2�/ �Q�M �i�?�2 ���#�b�Q�H�m�i�2 �7���B�`�M�2�b�b
�K�2���b�m�`�2�K�2�M�i �b�+�Q�`�2�b�X

�L�Q�i�2 �i�?���i �#�Q�i�? �6�a���i�Q�`�B���M�/ �6�a���i�Q�m�`�b�?�Q�m�H�/ �M�2�p�2�` �#�2 �m�b�2�/ �r�?�2�Mkm < n �/�m�2
�i�Q �i�?�2 �m�M�`�2�b�Q�H�p���#�H�2���H�r���v�b�@�7���B�`�H�B�K�B�i���i�B�Q�M�- ���b �i�?�2 �b�+�Q�`�2 �r�B�H�H ���H�r���v�b �#�2 �T�2�`�7�2�+�i�H�v �7���B�`
�`�2�;���`�/�H�2�b�b �Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X#�:�B�M�B�@�r�Q�m�`�b�?�Q�m�H�/ �T�`�2�7�2�`���#�H�v �#�2 �m�b�2�/ �r�?�2�M �Q�M�2
�?���b �2�[�m���H �Q�` �K�Q�`�2 �B�i�2�K�b �i�?���M �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b �Ukm � n�V�- ���b �i�?�2 �K�2���b�m�`�2 �r�Q�`�F�b
�B�/�2���H�H�v �B�M �i�?���i �b�2�i�i�B�M�;�, �� �b�+�Q�`�2 �Q�7 �y �K�2���M�b �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �T�2�`�7�2�+�i�H�v �7���B�`�- �r�?�B�H�2
�� �b�+�Q�`�2 �Q�7 �R �K�2���M�b �i�?�2 �m�M�7���B�`�2�b�i �T�Q�b�b�B�#�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X �6�Q�` �i�?�2 �`�2�K���B�M�B�M�; �+���b�2�b�-
�r�?�B�+�? �+�Q�K�K�Q�M�H�v �?���T�T�2�M�b �B�M �K���M�v �T�m�#�H�B�+ �`�2�+�Q�K�K�2�M�/���i�B�Q�M �/���i���b�2�i�b �7�Q�` ���M�v �+�m�i�@�Q�zk
�U�h���#�X�k�X�e�V�- �2�p�2�M �B�7 �i�?�2 �K�Q�b�i �m�M�7���B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �2�M�i���B�H�b �� �b�+�Q�`�2 �Q�7 �R�- �i�?�2 �K�Q�b�i �7���B�`
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �M�Q�i �K���T�T�2�/ �i�Q �� �b�+�Q�`�2 �Q�7 �y �B�M �:�B�M�B�@�r�Q�m�`�X �u�2�i�- �i�?�B�b �B�b �b�i�B�H�H �#�2�i�i�2�`
�i�?���M �:�B�M�B�@�r�Q�`�B�r�?�B�+�? �K���T�b �m�M�`�2���H�B�b�i�B�+ �b�+�2�M���`�B�Q�b �i�Q �y ���M�/ �R�X �6�Q�` �1�M�i�- �r�2 �`�2�+�Q�K�K�2�M�/
�m�b�B�M�; �Q�m�` �+�Q�`�`�2�+�i�B�Q�M�- �b�B�M�+�2 �Q�m�` �+�Q�`�`�2�+�i�B�Q�M ���p�Q�B�/�b �i�?�2�m�M�/�2�}�M�2�/�M�2�b�b�H�B�K�B�i���i�B�Q�M�- ���M�/
�r�Q�m�H�/ �T�`�Q�/�m�+�2 �i�?�2 �b���K�2 �b�+�Q�`�2 ���b �1�M�i�Q�`�B�r�?�2�M ���H�H �B�i�2�K�b ���`�2 �`�2�+�Q�K�K�2�M�/�2�/�X

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

�k�X�3�*�Q�M�+�H�m�b�B�Q�M�b

�q�2 �?���p�2 �T�`�2�b�2�M�i�2�/ �� �M�Q�p�2�H �B�M�p�2�b�i�B�;���i�B�Q�M �B�M�i�Q �i�?�2 �i�?�2�Q�`�2�i�B�+���H ���M�/ �2�K�T�B�`�B�+���H �H�B�K�B�i���i�B�Q�M�b
�Q�7 �+�m�`�`�2�M�i �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�b �Q�7 �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �B�M �`�2�+�Q�K�K�2�M�/�2�` �b�v�b�i�2�K�b�X
�q�2 �?���p�2 �7�m�`�i�?�2�` ���K�2�M�/�2�/ �i�?�2�b�2 �K�2���b�m�`�2�b �i�Q �+�Q�`�`�2�+�i �i�?�2�B�` �H�B�K�B�i���i�B�Q�M�b �Q�` �?���p�2 ���`�;�m�2�/
�r�?�v �b�Q�K�2 �H�B�K�B�i���i�B�Q�M�b ���`�2 �B�K�T�Q�b�b�B�#�H�2 �i�Q �`�2�b�Q�H�p�2�X �1�t�i�2�M�b�B�p�2 �2�t�T�2�`�B�K�2�M�i�b �Q�M �`�2���H�@�H�B�7�2
���M�/ �b�v�M�i�?�2�i�B�+ �/���i�� �`�2�p�2���H �M�Q�p�2�H �B�M�b�B�;�?�i�b �Q�M �?�Q�r �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �K�2���b�m�`�2�b
�b�?�Q�m�H�/ ���M�/ �b�?�Q�m�H�/ �M�Q�i �#�2 �m�b�2�/�X
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�A�M �i�?�2 �T�`�2�b�2�M�i �r�Q�`�F�- �r�2 �b�Q�H�2�H�v �+�Q�M�+�2�M�i�`���i�2�/ �Q�M �K�2���b�m�`�2�b �i�?���i �[�m���M�i�B�7�v �B�M�/�B�p�B�/�m���H
�B�i�2�K �7���B�`�M�2�b�b �B�M�/�2�T�2�M�/�2�M�i�H�v �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �T�2�`�7�Q�`�K���M�+�2�X �q�2 �`�2�b�2�`�p�2 �i�?�2 ���M���H�v�@
�b�B�b �Q�7 �7���B�`�M�2�b�b �K�2���b�m�`�2�b �i�?���i ���`�2 �i�B�2�/ �i�Q �`�2�H�2�p���M�+�2 �7�Q�` �Q�m�` �7�m�i�m�`�2 �r�Q�`�F�X �6�m�i�m�`�2 �r�Q�`�F
�b�?�Q�m�H�/ �B�M�p�2�b�i�B�;���i�2 �r�?�2�i�?�2�` �K�2���b�m�`�2�b �i�?���i ���B�K �i�Q �b�B�K�m�H�i���M�2�Q�m�b�H�v �[�m���M�i�B�7�v �#�Q�i�? �`�2�+�@
�Q�K�K�2�M�/���i�B�Q�M �T�2�`�7�Q�`�K���M�+�2�- �Q�` �`�2�H�2�p���M�+�2�- ���M�/ �7���B�`�M�2�b�b �b�m�z�2�` �7�`�Q�K �b�B�K�B�H���` �H�B�K�B�i���i�B�Q�M�b
���M�/ �2�K�T�B�`�B�+���H �#�2�?���p�B�Q�m�`�b �i�?���M �i�?�2 �K�2���b�m�`�2�b �b�i�m�/�B�2�/ �?�2�`�2�X �P�i�?�2�` �7�m�i�m�`�2 �r�Q�`�F �+�Q�m�H�/
�7�m�`�i�?�2�` �2�t�T�H�Q�`�2 �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b ���M�/ �B�i�2�K �;�`�Q�m�T �7���B�`�@
�M�2�b�b �(�k�j�9�)�- �Q�` �7���B�`�M�2�b�b �#�2�i�r�2�2�M �m�b�2�`�b ���M�/ �B�i�2�K�b �(�N�)�X ���H�H �K�2���b�m�`�2�b �b�i�m�/�B�2�/ �?�2�`�2 ���H�b�Q
���b�b�m�K�2 �i�?���i �2�t�T�Q�b�m�`�2 �B�b �i�?�2 �F�2�v �7���+�i�Q�` �7�Q�` �7���B�`�M�2�b�b�- �r�?�B�H�2 �i�?�2�`�2 �K�B�;�?�i �#�2 �Q�i�?�2�` �7���+�@
�i�Q�`�b �i�Q �+�Q�M�b�B�/�2�` �7�Q�` �7���B�`�M�2�b�b�- �2�X�;�X �b�T�2�2�/ �Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �Q�` �i�?�2 �r���B�i �i�B�K�2 �7�`�Q�K
�r�?�2�M ���M �B�i�2�K �B�b �B�M�i�`�Q�/�m�+�2�/ �i�Q �� �b�v�b�i�2�K �m�M�i�B�H �B�i �;�2�i�b �`�2�+�Q�K�K�2�M�/�2�/�X

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

`=1
�H�Q�;`+1 2

�h�Q �Q�#�i���B�M �:�B�M�B�@�r�K�B�M�- �r�2 ���H�b�Q �/�2�`�B�p�2 �i�?�2 �M�m�K�2�`���i�Q�` ���M�/ �/�2�M�Q�K�B�M���i�Q�` �b�2�T���`���i�2�H�v
�m�b�B�M�; �1�[�X�k�X�9�X �L�Q�i�2 �i�?���i �7�Q�` �:�B�M�B�@�r�K�B�M�r�2 �Q�M�H�v �+�Q�M�b�B�/�2�` �+���b�2�b �r�?�2�`�2km � n �/�m�2 �i�Q
�i�?�2 �m�M�`�2�b�Q�H�p���#�H�2 �H�B�K�B�i���i�B�Q�M �Q�7 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�-�*���m�b�2 �9�Ux�k�X�9�X�j�V�X �6�B�`�b�i�- �r�2 �2�t�T�H���B�M
�?�Q�r �i�Q �Q�#�i���B�M �i�?�2 �M�m�K�2�`���i�Q�`�X �q�B�i�? �i�?�2 �`�2�b�i�`�B�+�i�B�Q�M �Q�7km � n�- �i�Q �K���F�2 �i�?�2 �`�2�+�Q�K�@
�K�2�M�/���i�B�Q�M �i�?�2 �7���B�`�2�b�i�- �i�?�2km �B�i�2�K�b �i�?���i ���`�2 �`�2�+�Q�K�K�2�M�/�2�/ �K�m�b�i �#�2 �m�M�B�[�m�2�- �H�2���p�B�M�;
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

n � km �B�i�2�K�b �2�t�T�Q�b�2�/�X �h�?�m�b�- �i�?�2 �B�i�2�K�b �r�B�i�? �i�?�2 �H�2���b�i �i�Q �i�?�2 �K�Q�b�i �2�t�T�Q�b�m�`�2 ���`�2
���b �7�Q�H�H�Q�r�b�, �i�?�2 �}�`�b�in � km �B�i�2�K�b �`�2�+�2�B�p�2 �x�2�`�Q �2�t�T�Q�b�m�`�2�- �i�?�2 �M�2�t�im �B�i�2�K�b �r�B�H�H �#�2
�`�2�+�Q�K�K�2�M�/�2�/ �Q�M�+�2 �2���+�? ���i �T�Q�b�B�i�B�Q�Mk�- ���M�Q�i�?�2�` �b�2�i �Q�7m �B�i�2�K�b �2���+�? ���i �T�Q�b�B�i�B�Q�Mk � 1�-
���M�/ �b�Q �Q�M �m�M�i�B�H �i�?�2 �H���b�i �b�2�i �Q�7m �B�i�2�K�b �i�?���i �r�B�H�H �2���+�? �#�2 �`�2�+�Q�K�K�2�M�/�2�/ ���i �i�?�2 �i�Q�T
�Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�X �h�?�2 �M�m�K�2�`���i�Q�` �Q�7 �:�B�M�B�@�r�K�B�M�+���M �i�?�2�M �#�2 �+���H�+�m�H���i�2�/ ���b
�7�Q�H�H�Q�r�b�,

n� km + mX

j =( n� km )+1

(2j � n � 1) �H�Q�;k+1 2

+
n� km +2 mX

j =( n� km + m)+1

(2j � n � 1) �H�Q�;k 2

+ : : :

+
nX

j =( n� m)+1

(2j � n � 1) �H�Q�;2 2

=
kX

`=1

n� `m + mX

j = n� `m +1

(2j � n � 1) �H�Q�;`+1 2

���b �7�Q�` �i�?�2 �/�2�M�Q�K�B�M���i�Q�`�- �B�i �B�b �Q�#�i���B�M�2�/ �i�?�2 �b���K�2 �r���v ���b �B�M �:�B�M�B�@�r�K���t�- �`�2�b�m�H�i�B�M�; �B�M

mn
kP

`=1
�H�Q�;`+1 2 ���b �i�?�2 �i�Q�i���H �2�t�T�Q�b�m�`�2 �`�2�+�2�B�p�2�/ �#�v �i�?�2 �B�i�2�K�b �`�2�K���B�M�b �i�?�2 �b���K�2 �7�Q�` �i�?�2

�b���K�2 �+�m�i�@�Q�zk ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �m�b�2�`m�X �S�m�i�i�B�M�; �i�?�2 �M�m�K�2�`���i�Q�` ���M�/ �/�2�M�Q�K�B�M���i�Q�`
�i�Q�;�2�i�?�2�`�,

�:�B�M�B�@�r�K�B�M=

kP

`=1

n� `m + mP

j = n� `m +1
(2j � n � 1) �H�Q�;`+1 2

mn
kP

`=1
�H�Q�;`+1 2

�k�X�N�X�R�X�8�6�`���+�i�B�Q�M �Q�7 �a���i�B�b�}�2�/ �A�i�2�K�b

�h�?�2 �K�Q�b�i �m�M�7���B�` �+���b�2 �7�Q�`" �6�a���i �T�`�Q�/�m�+�2�b �6�a���i�K�B�M���M�/ �i�?�2 �K�Q�b�i �7���B�` �+���b�2 �7�Q�`" �6�a���i
�T�`�Q�/�m�+�2�b �6�a���i�K���t�X �L�Q�i�2 �i�?���ik � n �i�?�m�b1 � k

n , m � km
n �

�
km
n

�
�X

�6�a���i�K�B�M=
1
n

�
k � �

�
m �

�
km
n

���
=

k
n
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�6�a���i�K���t =
1
n

(n � km �K�Q�/n) � �
��

km
n

�
�

�
km
n

��

+
1
n

(km �K�Q�/n) � �
��

km
n

�
+ 1 �

�
km
n

��

=
1
n

[(n � km �K�Q�/n) + km �K�Q�/n] =
n
n

= 1

�k�X�N�X�R�X�e�S�`�Q�Q�7�b �7�Q�` �i�?�2 �K���t�B�K�m�K �p���H�m�2 �Q�7 �o�Q�*�.

�6�B�`�b�i�- �r�2 �T�`�Q�p�2 �B�M �h�?�2�Q�`�2�K�k�X�R�i�?���i �r�?�2�M �i�?�2�`�2 �B�b �Q�M�H�v �Q�M�2 �T���B�` �Q�7 �b�B�K�B�H���` �B�i�2�K�b�-
�i�?�2 �K���t�B�K�m�K �o�Q�*�. �p���H�m�2 �+���M �#�2 �Q�#�i���B�M�2�/ �r�?�2�M �i�?�2 �i�r�Q �B�i�2�K�b ���`�2 �`�2�+�Q�K�K�2�M�/�2�/
1 �i�B�K�2 ���M�/m �i�B�K�2�b �2���+�?�X �q�2 �i�?�2�M �m�b�2 �h�?�2�Q�`�2�K�k�X�R�i�Q �b�?�Q�r �i�?���i �r�?�2�M �i�?�2�`�2 ���`�2
�K�Q�`�2 �i�?���M �Q�M�2 �T���B�` �Q�7 �b�B�K�B�H���` �B�i�2�K�b�- �i�?�2 �K���t�B�K�m�K �o�Q�*�. �p���H�m�2 �/�Q�2�b �M�Q�i �B�M�+�`�2���b�2
�U�h�?�2�Q�`�2�K�k�X�k�V�X

�h�?�2�Q�`�2�K �k�X�R�X�A�7 �i�?�2� �̀2 �B�b �Q�M�H�v �Q�M�2 �T���B�` �Q�7(i; i 0) 2 A�- �o�Q�*�.�K���t �B�b �Q�#�i���B�M�2�/ �r�?�2�MP

u2 U
1Rk

u
(i ) = 1 ���M�/

P

u2 U
1Rk

u
(i 0) = m

�S� �̀Q�Q�7�X�q�2 �T�`�Q�p�2 �#�v �+�Q�M�i�`���/�B�+�i�B�Q�M�, �B�7 ���M �B�i�2�Ki �B�b �`�2�+�Q�K�K�2�M�/�2�/�-1 �
P

u2 U
1Rk

u
(i ) � m�X

�a�m�T�T�Q�b�29x1; x2 �r�?�2�`�21 < x 1 < x 2 < m �b�m�+�? �i�?���im� 1
m < x2 � x1

x2
, � 1

m < � x1
x2

, 1
m >

x1
x2

, m < x2
x1

�X �>�Q�r�2�p�2�`�-x2 < m , x2
x1

< m
x1

< m �- �r�?�B�+�? �+�Q�M�i�`���/�B�+�i�b �i�?�2 �T�`�2�p�B�Q�m�b
�B�M�2�[�m���H�B�i�v�- �b�Q �B�i �K�m�b�i �#�2x1 = 1 ���M�/x2 = m�X

�h�?�2�Q�`�2�K �k�X�k�X�h�?�2 �K���t �o�Q�*�. �b�+�Q� �̀2 �/�Q�2�b �M�Q�i �B�M�+� �̀2���b�2 �r�B�i�?jAj�X

�S� �̀Q�Q�7�X�*���b�2 �R�, �7�Q�` �2���+�? �B�i�2�K �T���B�` �B�MA �i�?���i �B�b �/�B�b�D�Q�B�M�i �7�`�Q�K �i�?�2 �Q�i�?�2�` �B�i�2�K �T���B�`�b�- �2�X�;�X�-
(i 1; i2) ���M�/(i 3; i4)�- �#�v �h�?�2�Q�`�2�K�k�X�R�- �i�?�2 �K���t�B�K�m�K �b�+�Q�`�2 �7�Q�` �2���+�? �T���B�` ���M�/ �?�2�M�+�2 �i�?�2
���p�2�`���;�2 �b�+�Q�`�2 �Q�7 �i�?�Q�b�2 �T���B�`�b�- �B�b �b�i�B�H�Hm� 1

m � � �X �*���b�2 �k�, �b�m�T�T�Q�b�2 �i�?�2 �T���B�`�b ���`�2 �M�Q�i �/�B�b�D�Q�B�M�i�-
�2�X�;�X�-(i 1; i3); (i 2; i3)�- ���M�/i 1; i2; i3 ���`�2 �`�2�+�Q�K�K�2�M�/�2�/x1; x2; x3 �i�B�K�2�b �`�2�b�T�2�+�i�B�p�2�H�v�- �r�?�2�`�2
1 � x1 � x2 � x3 � m�X �q�2 �b�?�Q�r �i�?���i �7�Q�` �*���b�2 �k�- �i�?�2 �K���t�B�K�m�K �p���H�m�2 �/�Q�2�b �M�Q�i
�B�M�+�`�2���b�2�X

�L�Q�i�2 �i�?���ix3 � m , � 1
x3

� � 1
m , � x1

2x3
� � x1

2m � � 1
2m ���M�/� x2

2x3
� � 1

2m �X

�h�?�m�b�-1
2

�
x3 � x1

x3
+ x3 � x2

x3

�
= 1 � x1

2x3
� x2

2x3
� 1 � 1

m �X

�k�X�N�X�k�1�t�i�2�M�/�2�/ �_�2�b�m�H�i�b �Q�7 �1�t�T�2�`�B�K�2�M�i�b

�k�X�N�X�k�X�R�1�t�T�2�`�B�K�2�M�i���H �b�2�i�@�m�T

�q�2 �}�`�b�i �`�2�T�Q�`�i �i�?�2 �?�v�T�2�`�T���`���K�2�i�2�` �b�2���`�+�? �b�T���+�2 �7�Q�` �2���+�? �`�2�+�Q�K�K�2�M�/�2�` �U�h���#�X�k�X�3�V
���M�/ �i�?�2 �Q�T�i�B�K���H �?�v�T�2�`�T���`���K�2�i�2�`�b �7�Q�` �2���+�? �K�Q�/�2�H ���M�/ �2���+�? �/���i���b�2�i �U�h���#�X�k�X�N�V�X
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�*�?���T�i�2�` �k �% �1�p���H�m���i�B�Q�M �J�2���b�m�`�2�b �Q�7 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �7�Q�` �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�, ��

�*�`�B�i�B�+���H �a�i�m�/�v

�h���#�H�2 �k�X�3�, �>�v�T�2�`�T���`���K�2�i�2�` �b�2���`�+�? �b�T���+�2 �7�Q�` �2���+�? �`�2�+�Q�K�K�2�M�/�2�`�X

�>�v�T�2�`�T���`���K�2�i�2�` �b�2���`�+�? �b�T���+�2

�A�i�2�K�E�L�L �F�, �(�R�y�- �k�y�- �j�y�- �9�y�- �8�y�- �e�y�- �d�y�- �3�y�- �N�y�- �R�y�y�- �R�8�y�- �k�y�y�- �k�8�y�- �j�y�y�- �9�y�y�- �8�y�y�- �R�y�y�y�)
�b�?�`�B�M�F�, �(�y�X�y�- �y�X�8�- �R�X�y�)

�a�G�A�J
���H�T�?���, �(�y�X�k�- �y�X�8�- �y�X�3�- �R�X�y�)
�H�R �`���i�B�Q�, �(�y�X�y�R�- �y�X�y�k�- �y�X�y�8�- �y�X�R�- �y�X�8�)

�"�S�_
�2�K�#�2�/�/�B�M�; �b�B�x�2�, �(�R�e�- �j�k�- �e�9�- �R�k�3�- �k�8�e�- �8�R�k�- �R�y�k�9�- �k�y�9�3�- �9�y�N�e�)
�H�`�, �(�8�2�@�8�- �R�2�@�9�- �8�2�@�9�- �R�2�@�j�- �8�2�@�j�- �R�2�@�k�- �8�2�@�k�)

�L�:�*�6

�/�`�Q�T�Q�m�i �T�`�Q�#�, �(�y�X�R�- �y�X�k�)
�2�K�#�2�/�/�B�M�; �b�B�x�2�, �(�e�9�- �R�k�3�- �k�8�e�- �8�R�k�)
�?�B�/�/�2�M �b�B�x�2�, �(�(�e�9�- �e�9�- �e�9�)�- �(�R�k�3�- �R�k�3�- �R�k�3�)�- �(�k�8�e�- �k�8�e�- �k�8�e�)�)
�H�`�, �(�8�2�@�9�- �R�2�@�j�- �8�2�@�j�)

�L�2�m�J�6
�/�`�Q�T�Q�m�i �T�`�Q�#�, �(�y�X�R�- �y�X�k�)
�?�B�/�/�2�M �b�B�x�2�, �(�(�R�k�3�- �e�9�)�- �(�R�k�3�- �e�9�- �j�k�)�- �(�e�9�- �j�k�- �R�e�)�- �(�j�k�- �R�e�- �3�)�)
�H�`�, �(�8�2�@�9�- �R�2�@�j�- �8�2�@�j�- �R�2�@�k�)

�J�m�H�i�B�o���1

�/�`�Q�T�Q�m�i �T�`�Q�#�, �(�y�X�R�- �y�X�k�- �y�X�8�)
�?�B�/�/�2�M �b�B�x�2�, �(�(�R�y�y�)�- �(�j�y�y�)�- �(�e�y�y�)�)
�H���i�2�M�i �/�B�K�2�M�b�B�Q�M�, �(�e�9�- �R�k�3�- �k�8�e�)
�H�`�, �(�8�2�@�9�- �R�2�@�j�- �8�2�@�j�- �R�2�@�k�)
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�*�`�B�i�B�+���H �a�i�m�/�v

�h���#�H�2 �k�X�N�, �P�T�i�B�K���H �?�v�T�2�`�T���`���K�2�i�2�`�b �7�Q�` �2���+�? �`�2�+�Q�K�K�2�M�/�2�` ���M�/ �2���+�? �/���i���b�2�i�X

�A�i�2�K�E�L�L �a�G�A�J �"�S�_ �L�:�*�6 �L�2�m�J�6 �J�m�H�i�B�o���1

���K���x�Q�M�@�H�# �F�, �k�y�-
�b�?�`�B�M�F�,
�R�X�y

���H�T�?���,
�y�X�k�-
�H�R �`���i�B�Q�,
�y�X�y�R

�2�K�#�2�/�/�B�M�; �b�B�x�2�,
�9�y�N�e�-
�H�`�, �y�X�y�y�y�R

�/�`�Q�T�Q�m�i �T�`�Q�#�, �y�X�k�-
�2�K�#�2�/�/�B�M�; �b�B�x�2�,
�k�8�e�-
�?�B�/�/�2�M �b�B�x�2�,
�(�R�k�3�-�R�k�3�-�R�k�3�)�-
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�S�Q�T� �A�i�2�K�E�L�L �a�G�A�J �"�S�_ �L�:�*�6 �L�2�m�J�6 �J�m�H�i�B�o���1

���K���x�Q�M�@�H�#

�`�2�H

" �>�_ �y�X�k�8�d�N�y�3 �y�X�j�y�N�e�R�R �y�X�j�R�j�3�e�N �y�X�j�k�y�8�e�y �y�X�j�y�8�N�e�R�y�X�j�k�8�9�k�e�y�X�j�k�R�d�d�e
" �J�_�_ �y�X�k�k�k�R�9�R �y�X�k�e�8�y�9�d�y�X�k�d�y�d�j�N�y�X�k�e�d�R�3�3 �y�X�k�e�j�y�y�j �y�X�k�e�d�8�R�R �y�X�k�e�9�3�3�8
" �S �y�X�y�k�8�N�R�k �y�X�y�j�R�y�k�k �y�X�y�j�R�d�8�k �y�X�y�j�k�j�e�y �y�X�y�j�y�d�R�3�y�X�y�j�k�N�e�3�y�X�y�j�k�e�e�9
" �J���S �y�X�k�k�R�8�e�3 �y�X�k�e�9�e�N�9�y�X�k�e�3�k�R�N�y�X�k�e�8�y�3�9 �y�X�k�e�R�j�9�y �y�X�k�e�j�8�k�d �y�X�k�e�R�j�j�N
" �_ �y�X�k�8�k�k�8�R �y�X�j�y�3�e�N�3 �y�X�j�y�e�d�e�d �y�X�j�R�8�k�j�d �y�X�j�y�k�e�R�e�y�X�j�R�3�j�d�8 �y�X�j�R�9�3�8�k
" �L�.�*�: �y�X�k�k�3�8�3�y �y�X�k�d�8�R�N�e�y�X�k�d�3�k�e�k�y�X�k�d�d�d�k�d �y�X�k�d�R�8�k�e �y�X�k�d�d�e�e�e �y�X�k�d�8�y�k�9

�7���B�`

" �C���B�M�Q�`�B �y�X�y�R�d�e�e�R �y�X�R�3�3�9�y�y �y�X�y�8�y�d�j�8 �y�X�R�j�9�d�R�R�y�X�R�N�j�R�e�d�y�X�y�e�y�9�8�y �y�X�y�k�3�8�k�R
" �C���B�M�Q�m�` �y�X�y�y�8�y�3�8 �y�X�R�d�3�y�d�N �y�X�y�j�3�8�N�e �y�X�R�k�j�e�3�R�y�X�R�3�k�N�y�N�y�X�y�9�3�9�j�N �y�X�y�R�e�y�3�N
" �Z�6�Q�`�B �y�X�y�k�9�y�k�y�y�X�N�d�3�8�y�3�y�X�j�d�N�k�e�d �y�X�N�k�R�e�R�3 �y�X�N�e�d�R�j�y �y�X�d�N�y�R�j�N �y�X�j�3�e�3�8�k
" �Z�6�Q�m�` �y�X�y�R�R�8�k�9�y�X�N�d�3�k�j�j�y�X�j�d�R�j�R�N �y�X�N�k�y�e�R�8 �y�X�N�e�e�d�y�N �y�X�d�3�d�9�8�k �y�X�j�d�N�y�y�R
" �1�M�i�Q�`�B �M���M �M���M �M���M �M���M �M���M �M���M �M���M
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�7���B�`�M�2�b�b �#�2�v�Q�M�/ �2�t�T�Q�b�m�`�2 ���H�b�Q �K���i�i�2�`�b�- �B�X�2�X�- �i�?�2 �2�t�T�Q�b�m�`�2 �b�?�Q�m�H�/ �#�2 �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q
�B�i�2�K �`�2�H�2�p���M�+�2 �(�R�N�-�R�e�3�-�k�y�N�)�X

�A�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �B�b �K�2���b�m�`�2�/ �#�v �K�2���b�m�`�2�b �i�?���i �U�B�V ���`�2 �/�2�i���+�?�2�/ �7�`�Q�K �`�2�H�@
�2�p���M�+�2 �U�7���B�`�M�2�b�b�@�Q�M�H�v �K�2���b�m�`�2�b�- �/�2�}�M�2�/ �#�v �2�t�T�Q�b�m�`�2�V�c �Q�` �U�B�B�V ���`�2 �+�Q�M�/�B�i�B�Q�M�2�/ �Q�M �`�2�H�@
�2�p���M�+�2 �U�D�Q�B�M�i �K�2���b�m�`�2�b �+�Q�M�b�B�/�2�`�B�M�; �2�t�T�Q�b�m�`�2 �r�X�`�X�i�X �`�2�H�2�p���M�+�2�V�X �J�2���b�m�`�2�b �Q�7 �i�v�T�2 �U�B�V
�?���p�2 �#�2�2�M �2�t�i�2�M�b�B�p�2�H�v ���M���H�v�b�2�/ �(�R�d�d�)�- �#�m�i �i�Q �Q�m�` �F�M�Q�r�H�2�/�;�2�- �i�?�B�b �B�b �M�Q�i �i�?�2 �+���b�2 �7�Q�`
�K�2���b�m�`�2�b �Q�7 �i�v�T�2 �U�B�B�V�X �h�?�2 �;�`�Q�r�B�M�; �M�m�K�#�2�` �Q�7 �K�2���b�m�`�2�b �Q�7 �i�v�T�2 �U�B�B�V �M�2�+�2�b�b�B�i���i�2�b ��
�i�?�Q�`�Q�m�;�? �H�Q�Q�F �B�M�i�Q �i�?�2�B�` �m�b���;�2 �B�M �_�a �2�p���H�m���i�B�Q�M�X

�q�2 �T�`�2�b�2�M�i �� �+�Q�K�T�`�2�?�2�M�b�B�p�2 �b�i�m�/�v �B�M�i�Q �i�?�2 �2�K�T�B�`�B�+���H �T�`�Q�T�2�`�i�B�2�b �Q�7 ���H�H �D�Q�B�M�i �K�2���@
�b�m�`�2�b �Q�7 �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2�- �K�Q�i�B�p���i�2�/ �#�v �i�?�2 �[�m�2�b�i�B�Q�M �Q�7 �?�Q�r
�K�m�+�? �+���M �r�2 �T�`���+�i�B�+���H�H�v �i�`�m�b�i �i�?�2�b�2 �K�2���b�m�`�2�b�- �T���`�i�B�+�m�H���`�H�v�,�_�Z�R�X�h�Q �r�?���i �2�t�i�2�M�i �/�Q
�i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b ���;�`�2�2 �r�B�i�? �2�t�B�b�i�B�M�; �`�2�H�2�p���M�+�2�@ ���M�/ �7���B�`�M�2�b�b�@�Q�M�H�v �K�2���b�m�`�2�b�\�_�Z�k�X
�h�Q �r�?���i �2�t�i�2�M�i �/�Q �i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b ���;�`�2�2 �r�B�i�? �2���+�? �Q�i�?�2�`�\�_�Z�j�X�>�Q�r �b�2�M�b�B�i�B�p�2
���`�2 �i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b ���+�`�Q�b�b �/�2�+�`�2���b�B�M�; �`���M�F �T�Q�b�B�i�B�Q�M�b�\ ���M�/�_�Z�9�X�>�Q�r �b�2�M�b�B�i�B�p�2
���`�2 �i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b �;�B�p�2�M �B�M�+�`�2���b�B�M�;�H�v �7���B�` ���M�/ �`�2�H�2�p���M�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�\

�q�2 �B�/�2�M�i�B�7�v �b�Q�K�2 ���H���`�K�B�M�; �H�B�K�B�i���i�B�Q�M�b �B�M �i�?�2 �K�2���b�m�`�2�b�- ���M�/ �r�2 �`�2�~�2�+�i �Q�M �i�?�2�B�`
�#�2�b�i �m�b���;�2 �B�M �T�`���+�i�B�+�2�X �h�?�B�b �B�b �i�?�2 �}�`�b�i �B�M�@�/�2�T�i�? �b�i�m�/�v �Q�M �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b
�K�2���b�m�`�2�b �i�?���i �+�Q�M�b�B�/�2�` �`�2�H�2�p���M�+�2 �B�M �_�a�X

�R�y�k



�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

�j�X�k �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �� �_�2�H�2�p���M�+�2

�q�2 �T�`�2�b�2�M�i �i�?�2 �M�Q�i���i�B�Q�M �Ux�j�X�k�X�R�V ���M�/ ���H�H �2�t�B�b�i�B�M�; �D�Q�B�M�i �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�b �Q�7 �B�M�/�B�@
�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2 �Ux�j�X�k�X�k�V�X

�j�X�k�X�R�L�Q�i���i�B�Q�M ���M�/ �.�2�}�M�B�i�B�Q�M�b

�:�B�p�2�M �� �b�2�i �Q�7n �B�i�2�K�b�-I = f i 1; i2; : : : ; ing�- ���M�/ �� �b�2�i �Q�7m �m�b�2�`�b�-U = f u1; u2; : : : ; umg�-
���M �Q�`�/�2�`�2�/ �H�B�b�i �Q�7 �i�?�2n �B�i�2�K�b �B�b �+�`�2���i�2�/ �7�Q�` �2���+�?u 2 U�X �h�?�B�b �H�B�b�i �B�b �+�`�2���i�2�/ �B�M �2���+�?
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �`�Q�m�M�/w�- �r�?�2�`�2w 2 f 1; 2; : : : ; Wg�c �� �`�Q�m�M�/ �K�2���M�b ���M �Q�+�+�m�`�`�2�M�+�2
�B�M �r�?�B�+�? �� �m�b�2�` �`�2�+�2�B�p�2�b �� �H�B�b�i �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�X �A�7 ���M �B�i�2�Ki �B�b� �̀2�H�2�p���M�i�i�Q �m�b�2�`u�-
�r�2 �r�`�B�i�2ru;i = 1�- �Q�i�?�2�`�r�B�b�2ru;i = 0�X �_�2�H�2�p���M�+�2 �+���M ���H�b�Q �#�2 �/�2�M�Q�i�2�/ ���b �`�2���H �p���H�m�2�b�-
ru;i 2 [0; 1]�X �h�?�2 �H�B�b�i �Q�7 �m�b�2�`u�ö�b �i�Q�Tk �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �B�M �`�Q�m�M�/w �B�bLu;w ���M�/ �i�?�2
�`���M�F �T�Q�b�B�i�B�Q�M �Q�7 �B�i�2�Ki �B�M �m�b�2�`u�ö�b �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �B�bz(u; i; w)�X �6�Q�` �+���b�2�b �r�B�i�?
�Q�M�H�v �Q�M�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �`�Q�m�M�/�- �m�b�2�`u�ö�b �H�B�b�i �Q�7 �i�Q�Tk �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �B�bLu ���M�/
�i�?�2 �`���M�F �T�Q�b�B�i�B�Q�M �Q�7 �B�i�2�Ki �7�Q�` �m�b�2�`u �B�bz(u; i )�X

�q�?�B�H�2 �b�2�p�2�`���H �/�B�z�2�`�2�M�i �/�2�}�M�B�i�B�Q�M�b �Q�7 �7���B�`�M�2�b�b �2�t�B�b�i�- �i�?�2 �/�2�}�M�B�i�B�Q�M�b �+�Q�K�K�Q�M�H�v �m�b�2�/
�B�M �T�`�B�Q�` �r�Q�`�F �Q�M �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b ���`�2 �+�H�Q�b�2�H�v �H�B�M�F�2�/ �i�Q �B�i�2�K �2�t�T�Q�b�m�`�2 �(�N�-
�R�d�d�- �k�8�k�)�X ���M �B�i�2�K �B�b�2�t�T�Q�b�2�/�r�?�2�M �B�i �B�b �`�2�+�Q�K�K�2�M�/�2�/ ���i �i�?�2 �i�Q�Tk �i�Q �� �m�b�2�`�X
�h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �m�b�2�` �b�2�2�B�M�; ���M �B�i�2�K �2�t�T�Q�b�2�/ �i�Q �i�?�2�K �+���M �#�2 �K�Q�/�2�H�H�2�/ �m�b�B�M�;
�p���`�B�Q�m�b�2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b�-e(�)�X �1�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b �i�v�T�B�+���H�H�v ���b�b�m�K�2 �i�?���i
�i�?�2 �p�B�2�r�B�M�; �T�`�Q�#���#�B�H�B�i�v �/�2�T�2�M�/�b �Q�M�H�v �Q�M �i�?�2 �T�Q�b�B�i�B�Q�Mz(u; i; w) �Q�z̀(u; i )�X �h�?�B�b �B�b ��
�+�Q�K�K�Q�M �+�?�Q�B�+�2 ���+�`�Q�b�b ���H�H �K�2���b�m�`�2�b �B�Mx�j�X�k�X�k�X

�h�?�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b �m�b�2�/ �B�M �i�?�B�b �r�Q�`�F ���`�2 �b�?�Q�r�M �B�M �h���#�X�j�X�R�, �i�?�2 �H�B�M�2���`
�2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�-e�H�B���M�/ �B�i�b �K�B�M�@�K���t �M�Q�`�K���H�B�b�2�/ �p�2�`�b�B�Q�M~e�H�B���T�T�H�v �� �H�B�M�2���` �/�B�b�@
�+�Q�m�M�i �i�Q �2���+�? �`���M�F �T�Q�b�B�i�B�Q�M �m�T �i�Qk �(�k�j�)�X �J�2���M�r�?�B�H�2�- �/�B�b�+�Q�m�M�i�b �#���b�2�/ �Q�M �.�B�b�+�Q�m�M�i�2�/
�*�m�K�m�H���i�B�p�2 �:���B�M �U�.�*�:�V �(�R�y�k�) ���M�/ �_���M�F�@�"�B���b�2�/ �S�`�2�+�B�b�B�Q�M �U�_�"�S�V �(�R�8�9�) ���`�2 �m�b�2�/ �B�M
e�.�*�: �(�R�e�R�- �k�y�8�) ���M�/e�_�"�S �(�R�y�j�- �k�j�9�) �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �T���`���K�2�i�2�`
 �B�Me�_�"�S �B�b �i�?�2
�m�b�2�`�ö�b �T���i�B�2�M�+�2�- �B�X�2�X�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �m�b�2�` �2�t���K�B�M�B�M�; �i�?�2 �M�2�t�i �`���M�F�2�/ �B�i�2�K�X �h�?�2
�m�b�2�` �T���i�B�2�M�+�2 �T���`���K�2�i�2�` �B�b �+�Q�K�K�Q�M�H�v �b�2�i ���i �2�X�;�X�-
 2 f 0:8; 0:9g �(�R�y�j�-�k�j�9�)�X �A�M �i�?�2 �B�M�@
�p�2�`�b�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�Me�B�M�p�- �i�?�2 �B�M�p�2�`�b�2 �Q�7 �i�?�2 �`���M�F �T�Q�b�B�i�B�Q�M �B�b �m�b�2�/ ���b �� �/�B�b�+�Q�m�M�i
�7���+�i�Q�` �(�R�N�R�)�X �P�p�2�`���H�H�- �r�2 �m�b�2 �i�?�`�2�2 �i�v�T�2�b �Q�7 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b �U�H�B�M�2���`�- �/�B�b�+�Q�m�M�i�2�/�-
���M�/ �B�M�p�2�`�b�2�V�- �r�?�B�+�? ���b�b�m�K�2 �i�?���i �B�i�2�K �2�t�T�Q�b�m�`�2 �/�B�K�B�M�B�b�?�2�b �r�B�i�? �/�2�+�`�2���b�B�M�; �`���M�F�B�M�;
�2�B�i�?�2�` �H�B�M�2���`�H�v�- �Q�` �r�B�i�? ���M �B�M�+�`�2���b�B�M�; �T�2�M���H�i�v �i�?���i �B�b �2�B�i�?�2�` �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �`���M�F
�/�2�+�`�2���b�2 �Q�` �i�?�2 �B�M�p�2�`�b�2 �Q�7 �i�?�2 �`���M�F�X �:�2�M�2�`���H�H�v�- �i�?�2 �K�Q�b�i �T�m�M�B�b�?�B�M�; �B�b �i�?�2 �B�M�p�2�`�b�2
�7�m�M�+�i�B�Q�M�- ���M�/ �i�?�2 �H�2���b�i �T�m�M�B�b�?�B�M�; �B�b �i�?�2 �.�*�:�@�#���b�2�/ �/�B�b�+�Q�m�M�i �7�m�M�+�i�B�Q�M�X

�R�y�j



�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

�h���#�H�2 �j�X�R�, �1�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b �m�b�2�/ �B�M �i�?�B�b �r�Q�`�F�X~e �B�b �i�?�2 �K�B�M�@�K���t �M�Q�`�K���H�B�b�2�/
�2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�X

�2�[�m���i�B�Q�M �K�2���b�m�`�2 �`�2�7�2�`�2�M�+�2

�H�B�M�2���è�H�B(u; i; w) = k+1 � z(u; i; w)
~e�H�B(u; i; w) = e�H�B(u;i;w )� 1

k� 1 =
k� z(u;i;w )

k� 1

�A���� �(�k�j�)

�.�*�: e�.�*�: (u; i; w) = 1/ �H�Q�;2(z(u; i; w) + 1) �A�6�. �(�R�e�R�-�k�y�8�)
�_�"�S e�_�"�S(u; i; w) = 
 z(u;i;w )� 1 �>�.�- �A�A�@�6�- ���A�@�6 �(�R�y�j�-�k�j�9�)
�B�M�p�2�`�b�2� e�B�M�p(p) = 1/ p �J�J�1�- �A�"�P�f�A�q�P �(�R�N�R�)

� �A�M �i�?�2 �T�m�#�H�B�b�?�2�/ �p�2�`�b�B�Q�M�- �i�?�2 �B�M�p�2�`�b�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M �?���b �#�2�2�M �r�`�B�i�i�2�M ���be�B�M�p(u; i ) = 1/ z(u; i )�X

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

�j�X�k�X�k�C�Q�B�M�i �J�2���b�m�`�2�b �Q�7 �6���B�`�M�2�b�b ���M�/ �_�2�H�2�p���M�+�2

�q�2 �T�`�2�b�2�M�i �K�2���b�m�`�2�b �i�?���i �2�p���H�m���i�2 �7���B�`�M�2�b�b �+�Q�M�b�B�/�2�`�B�M�; �`�2�H�2�p���M�+�2 �U�6���B�`�Y�_�2�H�Q�` �D�Q�B�M�i
�K�2���b�m�`�2�b �?�2�M�+�2�7�Q�`�i�?�V�X �h�Q �Q�m�` �F�M�Q�r�H�2�/�;�2�- �r�2 �B�M�+�H�m�/�2 ���H�H�6���B�`�Y�_�2�H�K�2���b�m�`�2�b �7�Q�` �_�a�b
�T�m�#�H�B�b�?�2�/ �m�T �i�Q �P�+�i�Q�#�2�` �k�y�k�j�X �1���+�? �K�2���b�m�`�2 �m�b�2�b ���M �2�t�T�Q�b�m�`�2 �7�m�M�+�i�B�Q�M�- �r�?�B�+�? �B�b
�H�B�M�F�2�/ �i�Q �i�?�2 �7���B�`�M�2�b�b �Q�7 �B�i�2�K �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M ���M�/�- �i�?�2�`�2�7�Q�`�2�-
�K�2���b�m�`�2�b �B�i�2�K �7���B�`�M�2�b�b �D�Q�B�M�i�H�v �r�B�i�? �`�2�H�2�p���M�+�2�X �q�2 �m�b�2" �7�Q�` �K�2���b�m�`�2�b �r�?�2�`�2 �i�?�2
�?�B�;�?�2�` �i�?�2 �b�+�Q�`�2�- �i�?�2 �7���B�`�2�b�i �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�- ���M�/ �p�B�+�2 �p�2�`�b�� �7�Q�`#�X ���H�H �K�2���b�m�`�2�b��
�2�t�+�2�T�i �>�.�����`�2 �/�2�}�M�2�/ �7�Q�` �K�m�H�i�B�T�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �`�Q�m�M�/�b �Q�` �b�i�Q�+�?���b�i�B�+ �`���M�F�B�M�;�b�-
�r�?�2�`�2 �� �/�B�b�i�`�B�#�m�i�B�Q�M �Q�p�2�` �`���M�F�B�M�;�b �B�b �+�Q�M�b�B�/�2�`�2�/ �(�R�N�)�X

�j�X�k�X�k�X�R�A�M�2�[�m�B�i�v �Q�7 ���K�Q�`�i�B�x�2�/ ���i�i�2�M�i�B�Q�M �U�A�����V �(�R�N�)

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

�A���� =
1
m

X

u2 U

�A����(u) �U�j�X�R�V

�R�h�?�B�b �K�2���b�m�`�2 �B�b �+���H�H�2�/ �A���� �B�M �(�R�d�8�) ���M�/ �G�R�@�M�Q�`�K �B�M �(�k�k�3�)�X

�R�y�9



�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

�A����(u) =
1
n

1
W

X

i 2 I

�
�
�
�
�

WX

w=1

1L u;w (i ) � ~e:(u; i; w) � ~r (u; i; w)

�
�
�
�
�

�U�j�X�k�V

�A�M �(�k�j�)�-~e(�)(u; i; w) �B�b �i�?�2 �K�B�M�@�K���t �M�Q�`�K���H�B�b�2�/ �H�B�M�2���` �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M~e�H�B(u; i;
w) �U�b�2�2 �h���#�X�j�X�R�V ���M�/~r (u; i; w) 2 [0; 1] �B�b �i�?�2 �K�B�M�@�K���t �M�Q�`�K���H�B�b�2�/ �`�2�H�2�p���M�+�2 �p���H�m�2
�Q�7 �B�i�2�Ki �7�Q�` �m�b�2�`u �B�M �`�Q�m�M�/w�- ru;i;w �X�k �"�Q�i�? �i�?�2 �K�B�M ���M�/ �K���t �`�2�H�2�p���M�+�2 �p���H�m�2�b
���`�2 �i���F�2�M �7�`�Q�K �i�?�2 �p���H�m�2�b ���b�b�Q�+�B���i�2�/ �r�B�i�? ���H�H �B�i�2�K�b �7�Q�` �2���+�? �m�b�2�` �T�2�` �`�Q�m�M�/�- �B�X�2�X�-
�K�B�Mi 2 I ru;i;w �X �h�?�B�b �p���H�m�2 �B�b �i�?�2 ���;�;�`�2�;���i�2�/ �`�2�H�2�p���M�+�2 �Q�p�2�` ���H�H �B�i�2�K�b �7�Q�` �m�b�2�`u �B�M �`�Q�m�M�/
w�c �i�?�2 �?�B�;�?�2�` �i�?�2 �`�2�H�2�p���M�+�2�- �i�?�2 �+�H�Q�b�2�` �i�Q �R�X �h�?�2 �?�B�;�?�2�` �i�?�2 �`�2�H�2�p���M�+�2 �p���H�m�2 �/�B�z�2�`�b
�7�`�Q�K �B�i�2�K �2�t�T�Q�b�m�`�2�- �i�?�2 �K�Q�`�2 �m�M�7���B�`�X �h�?�2 �`���M�;�2 �Q�7 �A���� �B�b[0; 1]�X

�j�X�k�X�k�X�k�A�M�/�B�p�B�/�m���H �6���B�`�M�2�b�b �.�B�b�T���`�B�i�v �U�A�6�.�V �(�R�e�R�- �k�y�8�)

#�A�6�. �B�b �i�?�2 ���p�2�`���;�2 �T���B�`�r�B�b�2 �/�B�z�2�`�2�M�+�2 �Q�7 �i�?�2 �+�Q�K�#�B�M�2�/ �p���H�m�2 �Q�7 �B�i�2�K �2�t�T�Q�b�m�`�2 ���M�/
�B�i�2�K �K�2�`�B�i�X �J�2�`�B�i �B�b �/�2�}�M�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �`�2�H�2�p���M�+�2�X�j �a�B�K�B�H���` �i�Q �A�����- �A�6�. �7�Q�H�@
�H�Q�r�b �i�?�2 �T�`�B�M�+�B�T�H�2 �Q�7 ���H�H�Q�+���i�B�M�; �2�t�T�Q�b�m�`�2 �i�Q ���M �B�i�2�K �#���b�2�/ �Q�M �B�i�b �`�2�H�2�p���M�+�2�X �q�?�B�H�2
�A���� �+�Q�K�T�m�i�2�b �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �2�t�T�Q�b�m�`�2 ���M�/ �`�2�H�2�p���M�+�2 �Q�7 �2���+�? �B�i�2�K�- �A�6�.
�+�Q�K�T�m�i�2�b �i�?�2 �/�B�b�T���`�B�i�v �Q�7 �2�t�T�Q�b�m�`�2 ���H�H�Q�+���i�B�Q�M �#�2�i�r�2�2�M �B�i�2�K �T���B�`�b�X �"���b�2�/ �Q�M �?�Q�r
�2�t�T�Q�b�m�`�2 ���M�/ �K�2�`�B�i ���`�2 �+�Q�K�#�B�M�2�/�- �i�r�Q �p���`�B���i�B�Q�M�b �Q�7 �A�6�. �2�t�B�b�i�, �A�6�.� �- �r�?�2�`�2 �B�i�2�K
�2�t�T�Q�b�m�`�2 �B�b �/�B�p�B�/�2�/ �#�v �B�i�2�K �`�2�H�2�p���M�+�2 �(�k�y�8�)�- ���M�/ �A�6�.� �- �r�?�2�`�2 �i�?�2 �/�B�p�B�b�B�Q�M �B�b �`�2�T�H���+�2�/
�#�v �K�m�H�i�B�T�H�B�+���i�B�Q�M �(�R�e�R�)�X �h�?�2 �i�2�`�K �A�6�.(�) �Q�` �A�6�. �`�2�7�2�`�b �i�Q �i�?�2 �K�2���b�m�`�2 �B�M �;�2�M�2�`���H�X
�h�?�2 �i�r�Q �p�2�`�b�B�Q�M�b �b�H�B�;�?�i�H�v �/�B�z�2�` �B�M �i�?�2 �T���B�`�r�B�b�2 �/�B�z�2�`�2�M�+�2 �+�Q�K�T�m�i���i�B�Q�M�- �i�?�2 �7�Q�`�K���i�B�Q�M
�Q�7 �b�2�i �Q�7 �B�i�2�K �T���B�`�b�- ���M�/ �i�?�2 �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�B�M�; �b�+�?�2�K�2�X�9 �"�Q�i�? �A�6�. �p�2�`�b�B�Q�M�b �?���p�2
�#�2�2�M �m�b�2�/ �i�Q �K�2���b�m�`�2 �7���B�`�M�2�b�b �B�M �`���M�F�B�M�; �(�R�e�R�-�k�y�8�-�k�9�k�-�k�9�j�)�X

�A�6�.(�) =
1
m

X

u2 U

�A�6�.(�)(u) �U�j�X�j�V

�A�6�.� (u) =
1

jHu j

X

(i;i 0)2 H u

�K���tf 0; J� (u; i ) � J� (u; i0)g �U�j�X�9�V

�A�6�.� (u) =
1

n(n � 1)

X

i 2 I

X

i 02 I ni

[J� (u; i ) � J� (u; i0)]2 �U�j�X�8�V

J� (u; i ) =
1

W

WX

w=1

e�.�*�: (u; i; w)/ ru;i;w �U�j�X�e�V

�k�L�Q�i�2 �i�?���i �i�?�2 �M�Q�`�K���H�B�b�2�/ �2�t�T�Q�b�m�`�2 �p���H�m�2 �7�Q�` �� �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K ���ik �B�b �x�2�`�Q�X
�j �q�2 �m�b�2 �i�?�2 �B�i�2�K �`�2�H�2�p���M�+�2 �p���H�m�2 ���b �i�?�2 �B�i�2�K �K�2�`�B�i�- ���b �T�2�` �(�k�y�8�)�X
�9�1�t�T�Q�b�m�`�2 �B�b �r�2�B�;�?�2�/ �T�`�Q�T�Q�`�i�B�Q�M���H �i�Qe�.�*�: �B�M �(�k�y�8�)�c �i�Q �b�B�K�T�H�B�7�v�- �r�2 �m�b�2e�.�*�: �/�B�`�2�+�i�H�v�X
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�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

J� (u; i ) =
1

W

WX

w=1

ru;i;w � 1L u;w (i ) � e�.�*�: (u; i; w) �U�j�X�d�V

J(�)(u; i ) �B�b �i�?�2 �7�m�M�+�i�B�Q�M �+�Q�K�#�B�M�B�M�; �i�?�2 �2�t�T�2�+�i�2�/ �2�t�T�Q�b�m�`�2 ���M�/ �`�2�H�2�p���M�+�2 �Q�7 �B�i�2�Ki �7�Q�`
�m�b�2�`u ���M�/Hu = f (i; i 0) 2 I j ru;i � ru;i 0 > 0g�X �h�?�2 �`���M�;�2 �Q�7 �A�6�.� �B�b[0; 1 ) ���M�/ �B�i �B�b
�y �Q�M�H�v �r�?�2�M �i�?�2 �2�t�T�Q�b�m�`�2 �`�2�+�2�B�p�2�/ �#�v �2���+�? �`�2�H�2�p���M�i �B�i�2�K �B�b �2�t���+�i�H�v �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q
�B�i�b �`�2�H�2�p���M�+�2 �(�k�y�8�)�X �h�?�2 �`���M�;�2 �Q�7 �A�6�.� �B�b[0; 1 ) �#���b�2�/ �Q�M �2�K�T�B�`�B�+���H �`�2�b�m�H�i�b �(�k�9�k�)�X

�j�X�k�X�k�X�j�>�2�H�H�B�M�;�2�` �.�B�b�i���M�+�2 �U�>�.�V �(�R�y�j�)

#�>�. �?���b �#�2�2�M �m�b�2�/ ���b �� �K�2���b�m�`�2 �Q�7 �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �B�M �i�Q�Tk �+�Q�M�i�2�t�i�m���H
�#���M�/�B�i�b�- �#�v �[�m���M�i�B�7�v�B�M�; �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �`�2�H�2�p���M�+�2�@ ���M�/ �+�H�B�+�F�@�/�B�b�i�`�B�#�m�i�B�Q�M�b
�Q�7 �i�?�2 �i�Q�Tk �B�i�2�K�b �b�Q�`�i�2�/ ���+�+�Q�`�/�B�M�; �i�Q �U�;�`�Q�m�M�/ �i�`�m�i�?�V �`�2�H�2�p���M�+�2 �(�R�y�j�)�X �h�?�2 �+�H�B�+�F
�T�`�Q�#���#�B�H�B�i�v �B�b �#���b�2�/ �Q�M �m�b�2�` �T���i�B�2�M�+�2�- �b�v�b�i�2�K�@���H�H�Q�+���i�2�/ �B�i�2�K �2�t�T�Q�b�m�`�2�- ���M�/ �B�i�2�K �`�2�H�2�@
�p���M�+�2�X �� �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �7���B�` �#���b�2�/ �Q�M �>�. �r�?�2�M �i�?�2 �+�H�B�+�F �T�`�Q�#���#�B�H�B�i�v �Q�7 ���M �B�i�2�K
�B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �`�2�H�2�p���M�+�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?���i �B�i�2�K�X �h�Q �+�Q�K�T�m�i�2 �i�?�2 �`�2�H�2�p���M�+�2
���M�/ �+�H�B�+�F �/�B�b�i�`�B�#�m�i�B�Q�M�b�- �� �H�B�b�i �Q�7 �i�Q�Tk �B�i�2�K�b �B�b �+�`�2���i�2�/ �7�Q�` �2���+�? �m�b�2�` �#�v �b�Q�`�i�B�M�; �B�i�2�K�b
�#���b�2�/ �Q�M �i�?�2�B�` �U�;�`�Q�m�M�/ �i�`�m�i�?�V �`�2�H�2�p���M�+�2�c �i�?�B�b �H�B�b�i �B�b �i�?�2 �`�2�7�2�`�2�M�+�2 �H�B�b�i �m�b�2�/ �B�M �i�?�2 �M�2�t�i
�b�i�2�T�X ���M�Q�i�?�2�` �H�B�b�i �Q�7 �B�i�2�K�b �B�b �+�`�2���i�2�/ �#���b�2�/ �Q�M �b�v�b�i�2�K �T�`�2�/�B�+�i�B�Q�M ���M�/ �m�b�2�/ �i�Q �;�2�i �i�?�2
�+�H�B�+�F �T�`�Q�#���#�B�H�B�i�v�X �6�Q�` �2���+�? �B�i�2�K �B�M �i�?�2 �`�2�7�2�`�2�M�+�2 �H�B�b�i�- �r�2 �+�Q�K�T�m�i�2 �B�i�b �+�H�B�+�F �T�`�Q�#���#�B�H�B�i�v
�#���b�2�/ �Q�M �B�i�b �Q�`�/�2�` �B�M �i�?�2 �b�2�+�Q�M�/ �H�B�b�i�X �L�2�t�i�- �i�?�2 �`�2�H�2�p���M�+�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �B�i�2�K�b ���i
�i�?�2 �b���K�2 �T�Q�b�B�i�B�Q�M �B�M �i�?�2 �`�2�7�2�`�2�M�+�2 �H�B�b�i ���`�2 ���;�;�`�2�;���i�2�/ ���+�`�Q�b�b �m�b�2�`�b ���M�/ �b�B�K�B�H���`�H�v �7�Q�`
�i�?�2 �+�H�B�+�F �T�`�Q�#���#�B�H�B�i�B�2�b�X �6�Q�` �2���+�? �`���M�F �T�Q�b�B�i�B�Q�M�- �i�r�Q ���;�;�`�2�;���i�2�/ �p���H�m�2�b ���`�2 �Q�#�i���B�M�2�/�,
�`�2�H�2�p���M�+�2 ���M�/ �+�H�B�+�F�X �h�?�2 ���;�;�`�2�;���i�2�/ �p���H�m�2�b ���`�2 �i�?�2 �B�M�T�m�i�b �i�Q �i�?�2 �/�B�b�i���M�+�2 �K�2�i�`�B�+
�U�1�[�X �U�j�X�3�V�V�X
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�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

cu;p =
X

i 2 L u

� (z(u; i ) = p) � ru;i � 
 e �_�"�S(u; i ) � su;p �U�j�X�R�j�V

su;p =
Y

1� j<p

1 �
X

i 2 L u

� (z(u; i ) = j ) � ru;i �U�j�X�R�9�V

�r�?�2�`�2q0
p ���M�/c0

p ���`�2 �i�?�2 �M�Q�`�K���H�B�b�2�/ �`�2�H�2�p���M�+�2 ���M�/ �+�H�B�+�F �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �B�i�2�K ���i
�T�Q�b�B�i�B�Q�Mj �`�2�b�T�2�+�i�B�p�2�H�v�- �r�?�2�`�2 �+�H�B�+�F �/�2�T�2�M�/�b �Q�M �#�Q�i�? �`�2�H�2�p���M�+�2 ���M�/ �2�t�T�Q�b�m�`�2�X �h�?�2
�T�Q�b�B�i�B�Q�M �Q�7 �B�i�2�Ki �#���b�2�/ �Q�M �;�`�Q�m�M�/�@�i�`�m�i�? �`�2�H�2�p���M�+�2 �B�bz� (u; i )�X �h�?�2 �+�H�B�+�F �T�`�Q�#���#�B�H�B�i�v
�Q�7 �m�b�2�`u �7�Q�` �B�i�2�K ���i �T�Q�b�B�i�B�Q�Mp�- cu;p �/�2�T�2�M�/�b �Q�Msu;p �- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �B�i�2�K�b
�#�2�7�Q�`�2 �T�Q�b�B�i�B�Q�Mp �r�2�`�2 �B�`�`�2�H�2�p���M�i �i�Q �i�?�2 �m�b�2�`�- ���M�/ �i�?�2 �m�b�2�` �T���i�B�2�M�+�2
 e �_�"�S(u; i )�X
r 0

u;i = ru;i /
P

i 2 I ru;i �B�b �i�?�2 �m�b�2�`�@�r�B�b�2 �M�Q�`�K���H�B�b�2�/ �`�2�H�2�p���M�+�2 �p���H�m�2 �Q�7 �B�i�2�Ki �i�Q �m�b�2�`u�-
���M�/c0

u;p = cu;p/
P k

p=1 cu;p �B�b �i�?�2 �m�b�2�`�@�r�B�b�2 �M�Q�`�K���H�B�b�2�/ �+�H�B�+�F �T�`�Q�#���#�B�H�B�i�v�X �h�?�2 �p���H�m�2 �Q�7
� (�) = 1 �r�?�2�M �i�?�2 �2�t�T�`�2�b�b�B�Q�M� �B�b �h�`�m�2 ���M�/ �y �Q�i�?�2�`�r�B�b�2�X �>�. �`���M�;�2�b �#�2�i�r�2�2�M[0; 1 )�X

�j�X�k�X�k�X�9�J�2���M �J���t �1�M�p�v �U�J�J�1�V �(�R�N�R�)

#�J�J�1 �m�b�2�b �i�?�2 �+�Q�M�+�2�T�i �Q�7 �2�M�p�v�@�7�`�2�2�M�2�b�b�- �r�?�2�`�2 �� �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �7���B�` �r�?�2�M �2���+�?
�B�i�2�K �B�b �M�Q�i �/�B�b���/�p���M�i���;�2�/ �#�v �B�i�b �Q�r�M �2�t�T�Q�b�m�`�2 ���H�H�Q�+���i�B�Q�M �+�Q�K�T���`�2�/ �i�Q �#�2�B�M�; ���H�H�Q�+���i�2�/
�i�?�2 �2�t�T�Q�b�m�`�2 �Q�7 ���M�v �Q�i�?�2�` �B�i�2�K�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- �J�J�1 �+�Q�K�T�m�i�2�b �m�M�7���B�`�M�2�b�b ���b �i�?�2
�/�B�b���/�p���M�i���;�2 �b�m�z�2�`�2�/ �#�v �i�?�2 �B�i�2�K�- �B�7 �i�?�2 �2�t�T�Q�b�m�`�2 ���H�H�Q�+���i�B�Q�M �Q�7 ���M �B�i�2�K �B�b �b�r���T�T�2�/
�r�B�i�? ���M�Q�i�?�2�` �B�i�2�K�X �h�?�2 �/�B�b���/�p���M�i���;�2 �B�b �+�Q�K�T�m�i�2�/ �#���b�2�/ �Q�M ���M �B�K�T���+�i �b�+�Q�`�2 �i�?���i
�m�b�2�b �2�t�T�Q�b�m�`�2 ���M�/ �`�2�H�2�p���M�+�2�, �;�B�p�2�M �7�m�H�H �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�b �U�b�B�x�2n�V ���+�`�Q�b�b ���H�H �m�b�2�`�b�-
�r�2 �b�r���T �2���+�? �B�i�2�Ki �r�B�i�? ���M�Q�i�?�2�` �B�i�2�Ki 0 ���M�/ �+�Q�K�T�m�i�2 �i�?�2 �B�K�T���+�i �b�+�Q�`�2 �#�2�7�Q�`�2 ���M�/
���7�i�2�` �i�?�2 �b�r���T �7�Q�` ���H�H �`���M�F �T�Q�b�B�i�B�Q�M�b ���M�/ �m�b�2�`�b�X �A�7 �i�?�2 �b�+�Q�`�2 �Q�7 �i�?�2 �B�i�2�Ki �#�2�7�Q�`�2
�i�?�2 �b�r���T �B�b �;�`�2���i�2�` �Q�` �2�[�m���H �i�Q �B�i�b �b�+�Q�`�2 ���7�i�2�` �i�?�2 �b�r���T�- �r�2 �?���p�2 �2�M�p�v�@�7�`�2�2�M�2�b�b �7�Q�`
�B�i�2�Ki �r�X�`�X�i�X �B�i�2�Ki 0�X �J�J�1 �i�?�m�b �+�Q�K�T�m�i�2�b �i�?�2 ���p�2�`���;�2 �K���t�B�K�m�K �/�B�z�2�`�2�M�+�2 �Q�7 �B�K�T���+�i
�B�K�T�Q�b�2�/ �B�7 �B�i�2�Ki �B�b �`�2�T�H���+�2�/ �r�B�i�? ���M�Q�i�?�2�` �B�i�2�Ki 0�X �1�X�;�X�- �H�2�iLu1 = [ i 1; i2]; Lu2 = [ i 1; i3]
���M�/ �H�2�i �m�b �b�r���T �B�i�2�Ki 3 �r�B�i�?i 1�X �A�i�2�Ki 3 �r�B�H�H �#�2 �2�t�T�Q�b�2�/ �i�Q �#�Q�i�? �m�b�2�`�b ���i �i�?�2 �i�Q�T
�T�Q�b�B�i�B�Q�M�- �H�B�F�2i 1 �/�B�/�- ���M�/ �i�?�2�M �B�K�T���+�i �B�b �`�2�+�Q�K�T�m�i�2�/�X �J�J�1 �B�b �+�Q�K�T�m�i�2�/ ���b �7�Q�H�H�Q�r�b�,
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Imp i (i 0) � Imp i (i )
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�R�y�d



�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

�r�?�2�`�2Imp i (i 0) �B�b �i�?�2 �B�K�T���+�i �r�?�2�M �r�2 ���H�H�Q�+���i�2 �i�?�2 �2�t�T�Q�b�m�`�2 �Q�7 �B�i�2�Ki 0 �i�Q �B�i�2�Ki �-
X u;i 0;p �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �B�i�2�Ki 0 �B�b �`�2�+�Q�K�K�2�M�/�2�/ �i�Q �m�b�2�`u ���i �T�Q�b�B�i�B�Q�Mp �B�MW
�`�Q�m�M�/�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�- ���M�/e�B�M�p(p) �B�b �i�?�2 �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �Q�7 �B�i�2�K ���i �T�Q�b�B�i�B�Q�Mp�-
�r�?�2�`�2 �i�?�2 �r�2�B�;�?�i �B�b �/�B�b�+�Q�m�M�i�2�/ �r�B�i�? �i�?�2 �B�M�p�2�`�b�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M �U�b�2�2 �h���#�X�j�X�R�V�X�8

�J�J�1 �`���M�;�2�b �r�B�i�?�B�M[0; 1 )�X

�j�X�k�X�k�X�8�A�i�2�K �"�2�i�i�2�`�@�P�z �U�A�"�P�V �� �A�i�2�K �q�Q�`�b�2�@�P�z �U�A�q�P�V �(�R�N�R�)

" �A�"�P ���M�/#�A�q�P �m�b�2 �i�?�2 �T�`�B�M�+�B�T�H�2 �Q�7�/�Q�K�B�M���M�+�2 �Q�p�2�` �m�M�B�7�Q�`�K � �̀��M�F�B�M�;�- �r�?�2�`�2 �7���B�`�M�2�b�b
�K�2���M�b �2���+�? �B�i�2�K �?���b �� �#�2�i�i�2�` �B�K�T���+�i �U���b �/�2�}�M�2�/ �B�M �J�J�1�V �m�M�/�2�` �i�?�2 �+�m�`�`�2�M�i �`���M�F�B�M�;
�T�Q�H�B�+�v�- �i�?���M �B�7 �B�i �r�2�`�2 �m�M�/�2�` �i�?�2 �m�M�B�7�Q�`�K �`���M�/�Q�K �`���M�F�B�M�; �T�Q�H�B�+�v� unif �- �r�?�B�+�? �b���K�T�H�2�b
���H�H �T�Q�b�b�B�#�H�2 �T�2�`�K�m�i���i�B�Q�M�b �Q�7 �B�i�2�K�b �m�M�B�7�Q�`�K�H�v ���i �`���M�/�Q�K�X �A�"�P�f�A�q�P �K�2���b�m�`�2�b �i�?�2
�T�2�`�+�2�M�i���;�2 �Q�7 �B�i�2�K�b �7�Q�` �r�?�B�+�? �Q�m�` �+�m�`�`�2�M�i �`���M�F�B�M�; �T�Q�H�B�+�v �B�M�+�`�2���b�2�b�f�/�2�+�`�2���b�2�b �B�K�T���+�i
�#�v ���i �H�2���b�i �R�y�W �+�Q�K�T���`�2�/ �i�Q� unif

�e�,

�A�"�P=
100
jI � j

X

i 2 I �

�
�

Imp i (i ) � 1:1 � Imp unif
i

�
�U�j�X�R�3�V

�A�q�P=
100
jI � j

X

i 2 I �

�
�

Imp i (i ) � 0:9 � Imp unif
i

�
�U�j�X�R�N�V

Imp unif
i =

1
m

1
n

kX

p=1

1
p

�
X

u2 U

ru;i �U�j�X�k�y�V

�r�?�2�`�2I � �B�b �i�?�2 �b�2�i �Q�7 �B�i�2�K�b �r�B�i�? ���i �H�2���b�i �Q�M�2 �m�b�2�` �i�?���i �}�M�/�b �i�?�2 �B�i�2�K �`�2�H�2�p���M�i�X �h�?�B�b
�2�M�b�m�`�2�b �i�?���i �i�?�2 �b�2�i �Q�7 �B�i�2�K�b �i�?���i �+���m�b�2� (�) = 1 �B�M �A�"�P �B�b �/�B�b�D�Q�B�M�i �7�`�Q�K �i�?���i �B�M �A�q�P�X�d

Imp i (i ) �B�b ���b �T�2�` �1�[�X �U�j�X�R�e�V ���M�/Imp unif
i �B�b �i�?�2 �B�K�T���+�i �B�7 �B�i�2�Ki �B�b �2�t�T�Q�b�2�/ ���+�+�Q�`�/�B�M�;

�i�Q� unif �m�b�B�M�;e�B�M�p(p) ���b �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M �U�b�2�2 �h���#�X�j�X�R�V�X�3 �L�Q�i�2 �i�?���i �i�?�2 ���#�Q�p�2
�/�2�}�M�B�i�B�Q�M�b ���`�2 �K�Q�/�B�}�+���i�B�Q�M�b �i�Q �i�?�2 �7�Q�`�K�m�H���i�B�Q�M �Q�7 �(�R�N�R�) �i�Q ���p�Q�B�/ �+�Q�K�T�m�i���i�B�Q�M���H �B�b�b�m�2�b
�i�?���i �`�2�b�m�H�i �B�M �/�B�p�B�b�B�Q�M �#�v �x�2�`�Q �U�m�M�/�2�}�M�2�/�M�2�b�b �H�B�K�B�i���i�B�Q�M �(�R�d�d�)�V�X�N �A�"�P�f�A�q�P �`���M�;�2�b
�#�2�i�r�2�2�M[0; 100]�X

�8�h�?�B�b �?���b �#�2�2�M �+�?���M�;�2�/ �7�`�Q�K �i�?�2 �Q�`�B�;�B�M���H �i�2�t�i �óe�B�M�p(u; i ) �B�b �i�?�2 �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �Q�7 �B�i�2�Ki 0 �i�Q �m�b�2�`
u�ô�- ���be�B�M�p�/�2�T�2�M�/�b �/�B�`�2�+�i�H�v �Q�Mp�X

�e�A�M �(�R�N�R�)�- �R�y�W �B�b �?���`�/ �+�Q�/�2�/�- �#�m�i �i�?�B�b �+���M �#�2 �� �p���`�B���#�H�2�X �q�2 ���H�b�Q �m�b�2 �R�y�W�X
�d�q�2 �2�t�+�H�m�/�2 �B�i�2�K�b �r�B�i�? �M�Q �`�2�H�2�p���M�i �m�b�2�`�b�- ���b �7�Q�` �i�?�2�b�2 �B�i�2�K�bImp i (i ) = Imp unif

i = 0 �- �+���m�b�B�M�;
�i�?�2 �b���K�2 �B�i�2�K�b �#�2�B�M�; �+�Q�M�b�B�/�2�`�2�/ �õ�#�2�i�i�2�`�@�Q�z�ö ���M�/ �õ�r�Q�`�b�2�@�Q�z�ö ���i �i�?�2 �b���K�2 �i�B�K�2�X
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�i�2�b�i�B�M�;�- ���H�H �m�M�Q�#�b�2�`�p�2�/ �B�i�2�K�b ���`�2 �b�2�H�2�+�i�2�/ ���b �+���M�/�B�/���i�2�b �7�Q�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M ���M�/
�2���+�? �m�b�2�`�ö�b �i�`���B�M�f�p���H �B�i�2�K�b ���`�2 �2�t�+�H�m�/�2�/ �7�`�Q�K �i�?�2�B�` �Q�r�M �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�X
�6���B�` �`�2�@�`���M�F�2�`�X���b �i�?�2 �K�Q�/�2�H�b ���`�2 �M�Q�i �/�B�`�2�+�i�H�v �Q�T�i�B�K�B�b�2�/ �7�Q�` �7���B�`�M�2�b�b�- �r�2 �m�b�2 �� �`�2�@
�`���M�F�2�` �i�Q �Q�#�i���B�M �7���B�`�2�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�X �h�?�2 �i�Q�Tk0 �B�i�2�K�b ���`�2 �`�2�@�`���M�F�2�/ �i�Q �T�`�Q�p�B�/�2
�2�t�T�Q�b�m�`�2 �i�Q �B�i�2�K�b �i�?���i �r�2�`�2 �Q�m�i�b�B�/�2 �i�?�2 �i�Q�Tk�- �r�?�2�`�2k0 �B�b �B�/�2���H�H�v �H���`�;�2�` �i�?���M �i�?�2
�+�m�i�@�Q�zk = 10�X �A�M �_�a �/���i���b�2�i�b�- �M�Q�`�K���H�H�v �i�?�2�`�2 ���`�2 �p�2�`�v �7�2�r �`�2�H�2�p���M�i �B�i�2�K�b �T�2�` �m�b�2�`�-
�b�Qk0 �b�?�Q�m�H�/ �M�Q�i �#�2 �i�Q�Q �#�B�; �U�2�X�;�X�- �R�y�y�V�X �q�2 �+�?�Q�Q�b�2k0 = 25 �7�Q�` ���H�H �/���i���b�2�i�b ���M�/
�K�Q�/�2�H�b�X �h�?�2 �`�2�@�`���M�F�B�M�; �B�b �/�Q�M�2 �T�2�` �m�b�2�` �r�B�i�? �*�P�J�"�J�L�w �U�*�J�V �(�R�k�8�) ���b �� �`�Q�#�m�b�i
�`���M�F �7�m�b�B�Q�M �K�2�i�?�Q�/�X�R�k�*�J �7�m�b�2�b �i�r�Q �H�B�b�i�b �Q�7 �b�+�Q�`�2�b�- �Q�M�2 �#���b�2�/ �Q�M �`�2�H�2�p���M�+�2 ���M�/ �Q�M�2
�#���b�2�/ �Q�M �7���B�`�M�2�b�b�- �i�Q �+�`�2���i�2 �� �M�2�r �`���M�F�B�M�; �7�Q�` �2���+�? �m�b�2�`�X �h�?�2 �`�2�H�2�p���M�+�2�@�#���b�2�/ �b�+�Q�`�2 �B�b
�i�?�2 �K�B�M�@�K���t �M�Q�`�K���H�B�b�2�/ �T�`�2�/�B�+�i�2�/ �`�2�H�2�p���M�+�2 �b�+�Q�`�2�X �h�?�2 �7���B�`�M�2�b�b�@�#���b�2�/ �b�+�Q�`�2 �B�b �}�`�b�i
�Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �+�Q�p�2�`���;�2 �b�+�Q�`�2 �Q�7 �2���+�? �i�Q�Tk0 �B�i�2�K�b �#���b�2�/ �Q�M �i�?�2�B�` ���T�T�2���`���M�+�2 �B�M
�i�?�2 �i�Q�Tk�X �h�?�2�M�- �r�2 �+�Q�K�T�m�i�2 �R �K�B�M�m�b �i�?�2 �M�Q�`�K���H�B�b�2�/ �+�Q�p�2�`���;�2 �i�Q ���H�H�Q�+���i�2 �?�B�;�?�2�`
�b�+�Q�`�2 �7�Q�` �B�i�2�K�b �r�B�i�? �H�Q�r�2�` �2�t�T�Q�b�m�`�2�- �i�?�m�b �B�M�+�`�2���b�B�M�; �7���B�`�M�2�b�b�X �h�?�2 �+�Q�K�#�B�M�2�/ �b�+�Q�`�2�b
���`�2 �b�Q�`�i�2�/ �i�Q �;�2�M�2�`���i�2 �i�?�2 �}�M���H �7�m�b�2�/ �`���M�F�B�M�; �Q�7 �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b�X
�J�2���b�m�`�2�b�X �_�2�+�Q�K�K�2�M�/���i�B�Q�M �K�Q�/�2�H�b ���`�2 �2�p���H�m���i�2�/ �m�b�B�M�; ���H�H �i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b �Q�7
�`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �U�6���B�`�Y�_�2�H�V �T�`�2�b�2�M�i�2�/ �B�Mx�j�X�k�X�k�X�R�j ���b �+�Q�K�T���`�B�b�Q�M �i�Q �i�?�2 �D�Q�B�M�i
�K�2���b�m�`�2�b�- �r�2 �2�p���H�m���i�2 �`�2�H�2�p���M�+�2 �Q�M�H�v �U�_�2�H�V �r�B�i�?�, �>�B�i �_���i�2 �U�>�_�V�- �J�_�_�- �S�`�2�+�B�b�B�Q�M
�U�S�V�- �_�2�+���H�H �U�_�V�- �J���S�- ���M�/ �L�.�*�:�X �q�2 ���H�b�Q �2�p���H�m���i�2 �7���B�`�M�2�b�b �Q�M�H�v �U�6���B�`�V �r�B�i�?�,�R�9�C���B�M
�A�M�/�2�t �U�C���B�M�V �(�R�y�R�-�k�e�9�)�- �Z�m���H�B�}�+���i�B�Q�M �6���B�`�M�2�b�b �U�Z�6�V �(�k�e�9�)�- �1�M�i�`�Q�T�v �U�1�M�i�V �(�R�e�d�-�k�y�y�)�-
�6�`���+�i�B�Q�M �Q�7 �a���i�B�b�}�2�/ �A�i�2�K�b �U�6�a���i�V �(�R�e�d�)�- ���M�/ �:�B�M�B �A�M�/�2�t �U�:�B�M�B�V �(�3�8�- �R�9�d�)�X �l�M�H�2�b�b
�Q�i�?�2�`�r�B�b�2 �b�i���i�2�/�- ���H�H �K�2���b�m�`�2�b ���`�2 �+�Q�K�T�m�i�2�/ ���ik = 10�X

�j�X�9 �1�K�T�B�`�B�+���H ���M���H�v�b�B�b

�q�2 �T�`�2�b�2�M�i �i�?�2 �2�p���H�m���i�B�Q�M �`�2�b�m�H�i�b �Q�7 ���H�H�6���B�`�Y�_�2�H�- �_�2�H�- ���M�/�6���B� �̀K�2���b�m�`�2�b�- �B�M
x�j�X�9�X�R�X �q�2 �b�i�m�/�v �i�?�2�B�` �+�Q�`�`�2�H���i�B�Q�M �B�Mx�j�X�9�X�k�- �i�?�2�B�` �b�2�M�b�B�i�B�p�B�i�v ���+�`�Q�b�b �/�B�z�2�`�2�M�i �i�Q�T�@k
�T�Q�b�B�i�B�Q�M�b �B�Mx�j�X�9�X�j���M�/ ���+�`�Q�b�b �B�M�+�`�2���b�B�M�; �H�2�p�2�H�b �Q�7 �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �B�Mx�j�X�9�X�9�X

�R�k�P�i�?�2�` �`�2�@�`���M�F�2�`�b �2�t�B�b�i �#�m�i �/�Q �M�Q�i �b�m�B�i �Q�m�` �b�2�i�m�T�- �2�X�;�X�- �(�k�k�d�) �`�2�[�m�B�`�2�b �+�Q�K�T�m�i�B�M�; �B�i�2�K �b�B�K�B�H���`�B�i�v�-
�#�m�i �i�`�m�2 �b�B�K�B�H���`�B�i�v �B�b �+�?���H�H�2�M�;�B�M�; �i�Q �Q�#�i���B�M �(�e�j�-�k�R�e�)�X

�R�j�6�Q�` �A�����- �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �`�2�H�2�p���M�+�2 �B�b �m�b�2�/ �i�Q �+�Q�K�T�m�i�2 �i�?�2 �`�2�H�2�p���M�+�2 �b�+�Q�`�2�X �6�Q�` �>�.�-
 = 0 :9
���b �T�2�` �(�R�y�j�)�X �6�Q�` �A�A�@�6 ���M�/ ���A�@�6�-
 = 0 :8 ���b �T�2�` �(�k�j�9�)�X �L�Q�i�2 �i�?���i �A�"�P�f�A�q�P ���`�2 �M�Q�`�K���H�B�b�2�/ �i�Q �(�y�-�R�)
�7�Q�` �+�Q�M�b�B�b�i�2�M�+�v �r�B�i�? �i�?�2 �Q�i�?�2�` �K�2���b�m�`�2�b�X

�R�9�q�2 �m�b�2 �i�?�2 �K�Q�/�B�}�2�/ �p�2�`�b�B�Q�M�b �Q�7 �i�?�2�b�2 �K�2���b�m�`�2�b ���b �T�2�` �(�R�d�d�)�X
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�j�X�9�X�R�1�p���H�m���i�B�Q�M �_�2�b�m�H�i�b �Q�7 ���H�H �J�2���b�m�`�2�b

�h���#�X�j�X�j�b�?�Q�r�b �i�?�2 �b�+�Q�`�2�b �Q�7 ���H�H�6���B�`�Y�_�2�H�-�_�2�H�- ���M�/�6���B� �̀K�2���b�m�`�2�b�- �T�2�` �/���i���b�2�i
���M�/ �`�2�+�Q�K�K�2�M�/�2�`�f�`�2�@�`���M�F�B�M�;�X" �K�2���M�b �i�?�2 �?�B�;�?�2�` �i�?�2 �b�+�Q�`�2�- �i�?�2 �#�2�i�i�2�`�- ���M�/ �p�B�+�2
�p�2�`�b�� �7�Q�`#�X �P�p�2�`���H�H �r�2 �Q�#�b�2�`�p�2 �i�?�2 �7�Q�H�H�Q�r�B�M�;�X
�"�2�b�i �K�Q�/�2�H ���;�`�2�2�K�2�M�i�X�q�2 ���B�K �i�Q �b�i�m�/�v �r�?�2�i�?�2�` �i�?�2 �K�2���b�m�`�2�b ���;�`�2�2 �Q�M �i�?�2 �b���K�2
�#�2�b�i �K�Q�/�2�H�X �q�2 �M�Q�i�2 �i�r�Q �K���B�M �i�`�2�M�/�b�X �6�B�`�b�i�- �7�Q�` ���H�H �/���i���b�2�i�b�- �i�?�2 �#�2�b�i �K�Q�/�2�H �#���b�2�/
�Q�M�_�2�H�K�2���b�m�`�2�b �B�b ���H�r���v�b �/�B�z�2�`�2�M�i �7�`�Q�K �i�?�2 �Q�M�2 �#���b�2�/ �Q�M�6���B��̀K�2���b�m�`�2�b�- �2�t�+�2�T�i �7�Q�`
�Z�6 �B�M ���K���x�Q�M�@�H�#�X �h�?�B�b �K�2���M�b �i�?���i �i�?�2 �7���B�`�2�b�i �K�Q�/�2�H �B�b �M�Q�i �M�2�+�2�b�b���`�B�H�v �i�?�2 �#�2�b�i �B�M
�i�2�`�K�b �Q�7 �`�2�H�2�p���M�+�2�X �a�2�+�Q�M�/�- �r�?�B�H�2 ���H�H�_�2�H�K�2���b�m�`�2�b ���;�`�2�2 �Q�M �i�?�2 �b���K�2 �#�2�b�i �K�Q�/�2�H �T�2�`
�/���i���b�2�i �U�2�t�+�2�T�i �J�_�_ ���M�/ �J���S �7�Q�` ���K���x�Q�M�@�H�#�V ���M�/ ���H�H �i�?�2�6���B� �̀K�2���b�m�`�2�b ���H�r���v�b
���;�`�2�2 �Q�M �i�?�2 �b���K�2 �#�2�b�i �K�Q�/�2�H �U�2�t�+�2�T�i �Z�6�V�- �i�?�2�6���B�`�Y�_�2�H�K�2���b�m�`�2�b �/�B�b���;�`�2�2 �Q�M
�i�?�2 �#�2�b�i �K�Q�/�2�H�X �P�+�+���b�B�Q�M���H�H�v�- �b�Q�K�2�6���B�`�Y�_�2�H�K�2���b�m�`�2�b ���;�`�2�2 �r�B�i�? ���M�Q�i�?�2�` �K�Q�`�2
�Q�7�i�2�M �U�2�X�;�X�- �A�"�P �r�B�i�? �A�q�P�- �Q�` �A���� �r�B�i�? �>�. ���M�/ �A�A�@�6�- �Q�` �J�J�1 �r�B�i�? ���A�@�6 ���M�/
�b�Q�K�2�i�B�K�2�b �A�6�.�V�- �#�m�i �i�?�2�`�2 �B�b �M�Q �Q�p�2�`���H�H �+�Q�M�b�B�b�i�2�M�+�v�X �h�?�2 ���;�`�2�2�K�2�M�i �#�2�i�r�2�2�M �b�Q�K�2
�D�Q�B�M�i �K�2���b�m�`�2�b �K���v �#�2 �/�m�2 �i�Q �i�?�2�B�` �b�B�K�B�H���` �7�Q�`�K�m�H���i�B�Q�M�b�, �#�Q�i�? �A�"�P�f�A�q�P ���`�2 �i�?�2
�7�`���+�i�B�Q�M�b �Q�7 �B�i�2�K�b �r�B�i�? ���M �B�K�T���+�i �b�+�Q�`�2 �;�`�2���i�2�`�f�H�Q�r�2�` �i�?���M �� �i�?�`�2�b�?�Q�H�/�c �J�J�1�f���A�@�6
���;�;�`�2�;���i�2 �2�t�T�Q�b�m�`�2 ���+�`�Q�b�b �m�b�2�`�b �T�`�B�Q�` �i�Q �+�Q�K�T�m�i�B�M�; �i�?�2 �2�t�T�Q�b�m�`�2 �/�B�z�2�`�2�M�+�2�- �r�?�B�H�2
�A�����f�>�.�f�A�A�@�6 �/�Q �M�Q�i�c ���M�/ �J�J�1�f�A�6�. ���`�2 �T���B�`�r�B�b�2 �K�2���b�m�`�2�b�X
�_���M�;�2 �Q�7 �b�+�Q�`�2�b�X�q�2 �B�/�2�M�i�B�7�v �i�?�`�2�2 �B�b�b�m�2�b �Q�M �i�?�2 �b�+�Q�`�2 �`���M�;�2 �Q�7 �i�?�2�6���B�`�Y�_�2�H
�K�2���b�m�`�2�b�, �U�R�V �2�t�i�`�2�K�2�H�v �b�K���H�H �b�+���H�2�b �7�Q�` �b�2�p�2�`���H �D�Q�B�M�i �K�2���b�m�`�2�b�c �U�k�V �b�+���H�2 �K�B�b�K���i�+�?
�#�2�i�r�2�2�M �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b ���M�/ �D�Q�B�M�i �K�2���b�m�`�2�b�c ���M�/ �U�j�V �b�+���H�2 �K�B�b�K���i�+�? �#�2�i�r�2�2�M
�D�Q�B�M�i �K�2���b�m�`�2�b�X ���#�Q�m�i �U�R�V�- �7�Q�` ���H�H �/���i���b�2�i�b ���M�/ �K�Q�/�2�H�b�- �b�2�p�2�`���H#�6���B�`�Y�_�2�H�b�+�Q�`�2�b
���`�2 �2�t�i�`�2�K�2�H�v �b�K���H�H �U� 10� 3�V�- ���M�/ �i�?�2�b�2 �b�+�Q�`�2�b �/�Q �M�Q�i ���H�H�Q�r �i�Q �/�B�b�i�B�M�;�m�B�b�? ���+�`�Q�b�b
�K�Q�/�2�H�b �T�2�` �/���i���b�2�i�X �6�Q�` �2�t���K�T�H�2�- �A�6�.� �B�b ���H�r���v�b �+�H�Q�b�2 �i�Q �y ���+�`�Q�b�b ���H�H �/���i���b�2�i�b�- ���b
�i�?�2 �i�2�`�K �1�[�X �U�j�X�d�V �B�b �Q�7�i�2�M �y �/�m�2 �i�Q �i�?�2 �H�Q�r �M�m�K�#�2�` �Q�7 �`�2�H�2�p���M�i �B�i�2�K�b �T�2�` �m�b�2�`�X�R�8�6�Q�`
�J�J�1 ���M�/ �A�A�@�6�f���A�@�6�- �1�[�X �U�j�X�R�e�V ���M�/ �1�[�X �U�j�X�k�j�V �Q�7�i�2�M �`�2�b�m�H�i �B�M �y �7�Q�` �i�?�2 �b���K�2 �`�2���b�Q�M
���b �A�6�.� �X ���#�Q�m�i �U�k�V�- �r�?�B�H�2 �i�?�2 ���#�Q�p�2�6���B�`�Y�_�2�H�b�+�Q�`�2�b �/�B�z�2�` �B�M �i�?�2 �7�Q�m�`�i�? �Q�` �H���i�2�`
�/�2�+�B�K���H �T�Q�B�M�i�- �i�?�2 �/�B�z�2�`�2�M�+�2�b �B�M �i�?�2�_�2�H���M�/�6���B� �̀b�+�Q�`�2�b ���`�2 �B�M �i�?�2 �b�2�+�Q�M�/ �/�2�+�B�K���H
�T�Q�B�M�i �Q�` �#�2�7�Q�`�2�X �1�X�;�X�- �i�?�2 �L�.�*�: �U�_�2�H�b�+�Q�`�2�V �Q�7 �J�m�H�i�B�o���1�@�*�J ���M�/ �L�*�G �7�Q�` �G���b�i�7�K
�/�B�z�2�`�b �#�v� �y�X�R�e ���M�/ �i�?�2�B�` �C���B�M �U�6���B��̀b�+�Q�`�2�V �/�B�z�2�`�b �#�v� �y�X�R�9�X �h�?�2�b�2 �2�t���K�T�H�2�b �B�K�T�H�v
�M�Q�M�@�M�2�;�H�B�;�B�#�H�2 �/�B�z�2�`�2�M�+�2�b�- �#�m�i �i�?�2 �D�Q�B�M�i �b�+�Q�`�2�b �Q�7 �A�����f�A�6�.� �f�J�J�1�f�A�A�@�6�f���A�@�6 �Q�M�H�v
�/�B�z�2�` �#�v� 10� 3�- �r�?�B�+�? �K���v �b�2�2�K �M�2�;�H�B�;�B�#�H�2�X�R�e�h�?�2�b�2 �B�M�+�Q�M�b�B�b�i�2�M�+�B�2�b �B�M �i�?�2 �/�B�z�2�`�2�M�+�2
�Q�7 �K���;�M�B�i�m�/�2 �K���F�2 �i�?�2 �b�+�Q�`�2�b �?���`�/ �i�Q �m�M�/�2�`�b�i���M�/�X ���#�Q�m�i �U�j�V�- �r�2 �b�2�2 �H���`�;�2 �;���T�b �B�M
�i�?�2 �b�+�Q�`�2 �`���M�;�2 �Q�7 ���H�H �D�Q�B�M�i �K�2���b�m�`�2�b�- �2�X�;�X�- �#�2�i�r�2�2�M �A�q�P�- �>�.�- ���M�/ ���A�@�6�- �/�2�b�T�B�i�2 ���H�H �Q�7

�R�8�6�Q�` ���H�H �7�Q�m�` �/���i���b�2�i�b�- �i�?�2 �K�2�/�B���M �M�m�K�#�2�` �Q�7 �`�2�H�2�p���M�i �B�i�2�K�b �T�2�` �m�b�2�` �B�b ���i �K�Q�b�i �9�e�X
�R�e�q�2 �m�b�2 �L�.�*�: ���M�/ �C���B�M ���b �i�?�2�v �i�2�M�/ �i�Q �#�2 �b�i�`�B�+�i�2�`� �i�?���M �b�Q�K�2 �Q�i�?�2�` �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b

�m�b�2�/ �B�M �i�?�B�b �r�Q�`�F�X� �L�Q�i�2 �i�?���i �i�?�B�b �7�Q�Q�i�M�Q�i�2 �?���b �#�2�2�M �+�?���M�;�2�/ �7�`�Q�K �i�?�2 �Q�`�B�;�B�M���H �i�2�t�i �ó�X�X�X ���b �i�?�2�v ���`�2
�K�Q�`�2 �b�2�M�b�B�i�B�p�2 �i�Q �+�?���M�;�2�b �i�?���M �>�_ ���M�/ �Z�6�ô �7�Q�` �+�H���`�B�i�v�X
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�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

�6�B�;�m�`�2 �j�X�R�, �E�2�M�/���H�H�ö�b� �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �D�Q�B�M�i�6���B�`�Y�_�2�H�K�2���b�m�`�2�b�-�_�2�H�- ���M�/
�6���B� �̀K�2���b�m�`�2�b�X

�i�?�2�K �#�2�B�M�; �H�Q�r�2�`�@�B�b�@�#�2�i�i�2�` �K�2���b�m�`�2�b�X �1�X�;�X�- �B�M �J�G�@�R�y�J�-#�A�q�P� 1 �U�p�2�`�v �m�M�7���B�`�V �#���b�2�/
�Q�M �B�i�b �i�?�2�Q�`�2�i�B�+���H[0; 1]�@�`���M�;�2�-#�>�. �B�b ���#�Q�m�i �� �[�m���`�i�2�` �Q�7 �i�?�2#�A�q�P �b�+�Q�`�2 �U�b�Q�K�2�r�?���i
�7���B�`�V�- �r�?�B�H�2#���A�@�6� 0 �U�2�t�i�`�2�K�2�H�v �7���B�`�V�X �h�?�B�b �/�B�b�+�`�2�T���M�+�v �+���m�b�2�b �+�Q�M�7�m�b�B�Q�M �B�M �b�+�Q�`�2
�B�M�i�2�`�T�`�2�i���i�B�Q�M�X

�6�B�M���H�H�v�- �r�2 �;�`�Q�m�T ���H�H�6���B�`�Y�_�2�H�K�2���b�m�`�2�b �B�M�i�Q �j �+�H�m�b�i�2�`�b�, �U�B�V �A�����f�>�.�f�A�A�@�6�-
�r�?�B�+�? ���H�B�;�M �K�Q�`�2 �r�B�i�?�_�2�H�K�2���b�m�`�2�b�c �U�B�B�V �A�6�.�f�J�J�1�f���A�@�6�- �r�?�B�+�? ���H�B�;�M �K�Q�`�2 �r�B�i�?
�6���B��̀K�2���b�m�`�2�b�c ���M�/ �U�B�B�B�V �A�"�P�f�A�q�P�- �r�?�B�+�? �/�Q �M�Q�i �+�Q�M�b�B�b�i�2�M�i�H�v ���H�B�;�M �r�B�i�? ���M�v �b�B�M�;�H�2�@
���b�T�2�+�i �K�2���b�m�`�2�X �q�B�i�?�B�M �i�?�2 �b���K�2 �+�H�m�b�i�2�`�- �2�b�T�2�+�B���H�H�v �B�M �U�B�V�- �K�2���b�m�`�2�b �Q�7�i�2�M �?���p�2 �H���`�;�2
�/�B�z�2�`�2�M�+�2�b �B�M �i�?�2�B�` �b�+�Q�`�2 �`���M�;�2�b �U�m�T �i�Q� � 0:7�V�X

�j�X�9�X�k�*�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �J�2���b�m�`�2�b �U�_�Z�R �� �_�Z�k�V

�q�2 �+�Q�K�T�m�i�2 �E�2�M�/���H�H�ö�b� �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �Q�`�/�2�`�B�M�;�b �Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/�2�`�b �T�`�Q�@
�/�m�+�2�/ �#�v �i�?�2 �b�+�Q�`�2�b �Q�7 �2���+�? �K�2���b�m�`�2�- �i�Q �b�i�m�/�v �?�Q�r �K�m�+�? �i�?�2�6���B�`�Y�_�2�H�K�2���b�m�`�2�b
���;�`�2�2 ���K�Q�M�; �i�?�2�K�b�2�H�p�2�b �#�m�i ���H�b�Q �r�B�i�?�_�2�H�@�Q�M�H�v ���M�/�6���B�`�@�Q�M�H�v �K�2���b�m�`�2�b�- �r�?�2�M �`���M�F�@
�B�M�; �`�2�+�Q�K�K�2�M�/�2�`�b �U�6�B�;�X�j�X�R�V�X ���b�_�2�H���M�/�6���B� �̀K�2���b�m�`�2�b �/�Q �M�Q�i ���H�r���v�b �+�Q�`�`�2�H���i�2
�b�i�`�Q�M�;�H�v �r�B�i�? �2���+�? �Q�i�?�2�` �(�R�d�d�)�- �r�2 �/�Q �M�Q�i �2�t�T�2�+�i�6���B�`�Y�_�2�H�K�2���b�m�`�2�b �i�Q �+�Q�`�`�2�H���i�2
�b�i�`�Q�M�;�H�v �r�B�i�? �2�B�i�?�2�`�_�2�H�Q��̀6���B� �̀K�2���b�m�`�2�b�X
�_�Z�R�X ���;�`�2�2�K�2�M�i �Q�7 �D�Q�B�M�i ���M�/ �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b�X�P�p�2�`���H�H�- �i�?�2�`�2 �B�b �M�Q
�+�Q�M�b�B�b�i�2�M�i �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M�_�2�H���M�/�6���B�`�Y�_�2�H�K�2���b�m�`�2�b�X �A�"�P�f�A�q�P�ö�b �+�Q�`�`�2�H���@
�i�B�Q�M�b �p���`�v �r�B�H�/�H�v �U� 2 [� 0:64; 0:77]�V�c �A�����- �>�.�- ���M�/ �A�A�@�6 �?���p�2 �K�Q�/�2�`���i�2�@�i�Q�@�b�i�`�Q�M�;
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�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

�h���#�H�2 �j�X�j�, �_�2�H�2�p���M�+�2 �U�_�2�H�V�- �7���B�`�M�2�b�b �U�6���B�`�V�- ���M�/ �D�Q�B�M�i�6���B�`�Y�_�2�H�b�+�Q�`�2�b ���ik = 10
�r�B�i�?�Q�m�i ���M�/ �r�B�i�? �`�2�@�`���M�F�B�M�; �i�?�2 �i�Q�Tk0 = 25 �B�i�2�K�b �m�b�B�M�; �*�P�J�"�J�L�w �U�*�J�V�X �"�Q�H�/
�K���`�F�b �i�?�2 �K�Q�b�i �`�2�H�2�p���M�i�f�7���B�` �b�+�Q�`�2 �T�2�` �K�2���b�m�`�2�X �h�?�2 �b�+�Q�`�2 �y�X�y�y�y �/�Q�2�b �M�Q�i �K�2���M �i�?�2
�b�+�Q�`�2�b ���`�2 �2�t���+�i�H�v �y�c �i�?�B�b �B�b �/�m�2 �i�Q �i�?�2 �K�2���b�m�`�2�b �?���p�B�M�; �b�K���H�H �b�+�Q�`�2�b �U< 10� 3 ���M�/
�`�Q�m�M�/�B�M�; �i�Q �j �/�X�T�X

�K�Q�/�2�H �A�i�2�K�E�L�L �"�S�_ �J�m�H�i�B�o���1 �L�*�G
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" �>�_ �y�X�d�e�8 �y�X�8�3�R�y�X�d�d�j �y�X�8�3�d�y�X�d�d�3 �y�X�8�k�j�y�X�d�N�j�y�X�8�d�R
" �J�_�_ �y�X�9�3�9 �y�X�k�d�y�y�X�9�N�k �y�X�k�3�y�y�X�9�d�e �y�X�k�j�k�y�X�8�y�j �y�X�k�e�y
" �S �y�X�R�d�k �y�X�y�3�N�y�X�R�d�3 �y�X�y�N�k�y�X�R�d�e �y�X�y�d�e�y�X�R�3�9�y�X�y�3�d
" �J���S �y�X�R�j�d �y�X�y�8�j�y�X�R�9�R �y�X�y�8�3�y�X�R�j�3 �y�X�y�9�8�y�X�R�9�3�y�X�y�8�y
" �_ �y�X�k�R�3 �y�X�R�R�9�y�X�k�k�9 �y�X�R�R�N�y�X�k�k�9 �y�X�y�N�3�y�X�k�j�9 �y�X�R�R�y
" �L�.�*�: �y�X�k�9�8 �y�X�R�R�N�y�X�k�8�k �y�X�R�k�e�y�X�k�9�d �y�X�R�y�k�y�X�k�e�R�y�X�R�R�8
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" �C���B�M �y�X�y�9�k �y�X�y�N�9�y�X�y�8�3 �y�X�R�9�y�y�X�y�N�d�y�X�k�k�k�y�X�y�3�k �y�X�k�R�8
" �Z�6 �y�X�9�d�9�y�X�e�d�N�y�X�j�e�k �y�X�8�k�3�y�X�8�R�d �y�X�e�d�3�y�X�9�8�j �y�X�e�8�d
" �1�M�i �y�X�8�3�N �y�X�d�j�8�y�X�e�R�y �y�X�d�9�y�y�X�d�y�d�y�X�3�k�e�y�X�e�d�R �y�X�3�R�y
" �6�a���i �y�X�R�k�N �y�X�k�R�e�y�X�R�9�d �y�X�k�k�3�y�X�k�y�k�y�X�j�k�R�y�X�R�d�3 �y�X�k�3�e
# �:�B�M�B �y�X�N�y�9 �y�X�d�N�y�y�X�N�R�y �y�X�3�R�3�y�X�3�j�N�y�X�e�N�e�y�X�3�d�k �y�X�d�k�3
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" �A�"�P �y�X�k�y�N �y�X�k�8�e�y�X�k�y�3 �y�X�k�8�j�y�X�k�e�R �y�X�k�d�3�y�X�k�9�k�y�X�k�N�k
# �A�q�P �y�X�d�N�R �y�X�d�9�9�y�X�d�N�k �y�X�d�9�d�y�X�d�j�N �y�X�d�k�k�y�X�d�8�3�y�X�d�y�3
# �A���� �y�X�y�y�9 �y�X�y�y�9�y�X�y�y�9 �y�X�y�y�9�y�X�y�y�9 �y�X�y�y�9�y�X�y�y�9�y�X�y�y�9
# �A�6�.� �y�X�y�d�9 �y�X�y�8�j�y�X�y�d�8 �y�X�y�8�9�y�X�y�d�j�y�X�y�9�N�y�X�y�d�e �y�X�y�8�k
# �A�6�.� �y�X�y�y�y �y�X�y�y�y�y�X�y�y�y �y�X�y�y�y�y�X�y�y�y�y�X�y�y�y�y�X�y�y�y �y�X�y�y�y
# �>�. �y�X�y�N�N �y�X�R�d�d�y�X�R�y�9 �y�X�R�d�9�y�X�y�N�8 �y�X�k�y�j�y�X�y�N�k�y�X�R�d�d
# �J�J�1 �y�X�y�y�R �y�X�y�y�R�y�X�y�y�R �y�X�y�y�R�y�X�y�y�R �y�X�y�y�R�y�X�y�y�R�y�X�y�y�R
# �A�A�@�6 �y�X�y�y�R �y�X�y�y�k�y�X�y�y�R �y�X�y�y�k�y�X�y�y�R �y�X�y�y�k�y�X�y�y�R�y�X�y�y�k
# ���A�@�6 �y�X�y�y�y �y�X�y�y�y�y�X�y�y�y �y�X�y�y�y�y�X�y�y�y �y�X�y�y�y�y�X�y�y�y�y�X�y�y�y
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" �>�_ �y�X�y�9�e�y�X�y�R�e�y�X�y�R�R �y�X�y�k�R�y�X�y�j�N �y�X�y�R�9�y�X�y�j�9 �y�X�y�R�R
" �J�_�_ �y�X�y�k�y �y�X�y�R�R�y�X�y�y�j �y�X�y�y�d�y�X�y�k�j �y�X�y�y�9�y�X�y�k�k �y�X�y�y�j
" �S �y�X�y�y�8�y�X�y�y�k�y�X�y�y�R �y�X�y�y�k�y�X�y�y�9 �y�X�y�y�k�y�X�y�y�9 �y�X�y�y�R
" �J���S �y�X�y�y�e �y�X�y�y�9�y�X�y�y�k �y�X�y�y�9�y�X�y�y�e �y�X�y�y�j�y�X�y�y�e�y�X�y�y�R
" �_ �y�X�y�R�j�y�X�y�y�8�y�X�y�y�8 �y�X�y�R�y�y�X�y�R�y �y�X�y�y�3�y�X�y�R�k �y�X�y�y�j
" �L�.�*�: �y�X�y�R�R�y�X�y�y�8�y�X�y�y�j �y�X�y�y�e�y�X�y�R�y �y�X�y�y�9�y�X�y�R�R �y�X�y�y�k
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" �Z�6 �y�X�N�y�R�y�X�d�N�y�y�X�e�k�8 �y�X�3�k�j�y�X�R�y�y �y�X�R�e�j�y�X�k�y�R �y�X�j�e�8
" �1�M�i �y�X�N�j�j�y�X�N�j�d�y�X�d�8�8 �y�X�N�y�j�y�X�9�k�y �y�X�8�9�d�y�X�8�y�d �y�X�e�d�9
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# �J�J�1 �y�X�y�y�y�y�X�y�y�y�y�X�y�y�y �y�X�y�y�y�y�X�y�y�y �y�X�y�y�y�y�X�y�y�y �y�X�y�y�y
# �A�A�@�6 �y�X�y�y�R �y�X�y�y�R�y�X�y�y�R �y�X�y�y�R�y�X�y�y�R �y�X�y�y�R�y�X�y�y�R�y�X�y�y�R
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# �J�J�1 �y�X�y�y�R �y�X�y�y�R�y�X�y�y�R�y�X�y�y�R�y�X�y�y�j �y�X�y�y�R�y�X�y�y�R �y�X�y�y�R
# �A�A�@�6 �y�X�y�y�y �y�X�y�y�y�y�X�y�y�y �y�X�y�y�y�y�X�y�y�y �y�X�y�y�y�y�X�y�y�y�y�X�y�y�y
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�"���b�2�/ �Q�M �i�?�2 ���#�Q�p�2�- �r�2 �+�Q�M�+�H�m�/�2 �i�?���i�, �A�"�P�f�A�q�P �?���b �B�M�+�Q�M�b�B�b�i�2�M�i �`�2�H���i�B�Q�M�b�?�B�T�b
�r�B�i�? �b�B�M�;�H�2�@���b�T�2�+�i ���M�/ �D�Q�B�M�i �K�2���b�m�`�2�b�c �A�����f�>�.�f�A�A�@�6 �/�Q �M�Q�i ���H�B�;�M �r�B�i�? �7���B�`�M�2�b�b�c ���M�/
�A�6�.�f�J�J�1�f���A�@�6 �?�B�;�?�H�v �/�B�b���;�`�2�2 �r�B�i�? �`�2�H�2�p���M�+�2 �U�2�p�2�M �B�7 �A�6�. �b�Q�K�2�i�B�K�2�b �/�B�b���;�`�2�2�b
�r�B�i�?�6���B� �̀K�2���b�m�`�2�b �i�Q�Q�V�X ���K�Q�M�; �i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b�- �A�"�P�f�A�q�P �r�2���F�H�v �+�Q�`�`�2�H���i�2
�r�B�i�? �i�?�2 �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b �7�Q�` �Z�E�@�p�B�/�2�Q�- ���M�/ �b�B�K�B�H���`�H�v �r�B�i�? �A�6�.� �7�Q�` ���K���x�Q�M�@
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�7�Q�` �#�Q�i�? �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b�X
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�j�X�9�X�j�J�2���b�m�`�2 �a�2�M�b�B�i�B�p�B�i�v ���i �.�B�z�2�`�2�M�i �_���M�F�b �U�_�Z�j�V

�q�2 �M�Q�r �b�i�m�/�v �?�Q�r �b�2�M�b�B�i�B�p�2 �i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b ���`�2 ���i �/�2�+�`�2���b�B�M�; �`���M�F �T�Q�b�B�i�B�Q�M�b�-
�+�Q�K�T���`�2�/ �i�Q�_�2�H���M�/�6���B��̀K�2���b�m�`�2�b�X �q�?�2�M �K�Q�p�B�M�; �/�Q�r�M �i�?�2 �`���M�F�-�_�2�H�b�+�Q�`�2�b ���`�2
�F�M�Q�r�M �i�Q �/�2�+�`�2���b�2 �r�?�B�H�2�6���B� �̀b�+�Q�`�2�b ���`�2 �F�M�Q�r�M �i�Q �B�K�T�`�Q�p�2 �(�R�d�d�)�X �6�Q�` �i�?�B�b ���M���H�v�b�B�b�-
�r�2 �m�b�2 �Q�M�H�v �i�?�2 �`�m�M�b �Q�7 �i�?�2 �M�Q�M�@�`�2�`���M�F�2�/ �L�*�G �K�Q�/�2�H ���b �B�i �;�2�M�2�`���H�H�v �?���b �i�?�2 �#�2�b�i
�_�2�H�b�+�Q�`�2�b�X �q�2 �+�Q�K�T�m�i�2 ���H�H �K�2���b�m�`�2�b ���ik = 5 �7�Q�` �2���+�? �b�H�B�/�B�M�; �r�B�M�/�Q�r�- �r�?�2�`�2 �i�?�2
�r�B�M�/�Q�r�b �+�Q�M�b�B�b�i �Q�7 �B�i�2�K�b ���i �/�2�+�`�2���b�B�M�; �`���M�F �T�Q�b�B�i�B�Q�M�b�, �R���8�- �k���e�-: : : �- �8���N�X �6�B�;�X�j�X�k
�b�?�Q�r�b �i�?�2 �`�2�b�m�H�i�b �7�Q�` �G���b�i�7�K�- ���K���x�Q�M�@�H�#�- ���M�/ �J�G�@�R�y�J�- �r�?�B�+�? �`�2�T�`�2�b�2�M�i �i�?�2 �Q�p�2�`���H�H
�i�`�2�M�/�b �B�M ���H�H �Q�m�` �/���i���b�2�i�b�c �`�2�b�m�H�i�b �7�Q�` �Z�E�@�p�B�/�2�Q ���`�2 �b�?�Q�r�M �B�M �i�?�2 ���T�T�2�M�/�B�t �U�B�M �Q�m�`
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�6���B� �̀B�K�T�`�Q�p�2�b�X �>�Q�r�2�p�2�`�- �i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b ���`�2 �M�Q�i���#�H�v �H�2�b�b �b�2�M�b�B�i�B�p�2 �i�Q �+�?���M�;�2�b �B�M
�`���M�F �T�Q�b�B�i�B�Q�M�X �*�?���M�;�2�b �r�B�i�? �/�2�+�`�2���b�B�M�; �`���M�F �T�Q�b�B�i�B�Q�M �B�M �i�?�2 �b�B�M�;�H�2�@���b�T�2�+�i �b�+�Q�`�2�b ���`�2
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�K���F�2�b �i�?�2 �b�+�Q�`�2�b �?���`�/ �i�Q �B�M�i�2�`�T�`�2�i�X �6�m�`�i�?�2�`�- �i�?�2 �p�2�`�v �b�K���H�H �b�+�Q�`�2�b �Q�7#�A�����- �A�6�.� �-
�J�J�1�- �A�A�@�6�- ���M�/ ���A�@�6 �B�K�T�H�v �2�t�i�`�2�K�2�H�v �7���B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �U�r�2 �2�t�T�H���B�M �i�?�2 �`�2���b�Q�M�b
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�/�Q �M�Q�i ���+�+�Q�m�M�i �r�2�H�H �7�Q�` �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �b�B�K�m�H�i���M�2�Q�m�b�H�v�X �G���b�i�- �r�2 �M�Q�i�2 �i�?���i
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�K�2���b�m�`�2�b �/�B�b�+�m�b�b�2�/ ���#�Q�p�2�X
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���b �B�i ���z�2�+�i�b �b�+�Q�`�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M�c �B�7 �� �D�Q�B�M�i �K�2���b�m�`�2 �B�b �m�M�`�2�b�T�Q�M�b�B�p�2 �i�Q �b�B�;�M�B�}�+���M�i
�+�?���M�;�2�b �B�M �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �/�B�b�i�`�B�#�m�i�B�Q�M�- �B�i�b �b�+�Q�`�2 �K���v �M�Q�i �`�2�~�2�+�i �#�Q�i�? �i�?�2
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�q�2 �b�i���`�i �r�B�i�? �� �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �?���p�B�M�; �i�?�2 �r�Q�`�b�i�_�2�H���M�/�6���B��̀b�+�Q�`�2�b�- ���M�/
�;�`���/�m���H�H�v �B�M�b�2�`�i �K�Q�`�2 �`�2�H�2�p���M�i ���M�/ �7���B�` �B�i�2�K�b �i�Q �B�i �U�r�2 �2�t�T�H���B�M �õ�7���B�` �B�i�2�K�b�ö �#�2�H�Q�r�V�X
�q�2 �Q�#�b�2�`�p�2 �?�Q�r �i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b �`�2�b�T�Q�M�/ �i�Q �i�?�2�b�2 �+�?���M�;�2�b�- �+�Q�K�T���`�2�/ �i�Q �i�?�2�_�2�H
���M�/�6���B� �̀K�2���b�m�`�2�b�X

�q�2 �+���M�M�Q�i �m�b�2 �`�2���H�@�H�B�7�2 �/���i���b�2�i�b �7�Q�` �i�?�B�b ���M���H�v�b�B�b�- �b�Q �r�2 �#�m�B�H�/ �� �b�v�M�i�?�2�i�B�+ �/���i���b�2�i
�r�B�i�?m = 1000 ���M�/n = 10000�- ���M�/ ���`�i�B�}�+�B���H�H�v �;�2�M�2�`���i�2 �`���M�F�B�M�;�b �Q�7 �B�i�2�K�b �T�2�` �m�b�2�`�-
���b �T�2�` �(�R�d�d�)�X �h�?�2 �B�M�B�i�B���H �`���M�F�B�M�; �+�Q�M�i���B�M�b �i�?�2 �b���K�2k = 10 �B�i�2�K�b �7�Q�` ���H�H �m�b�2�`�b�- �i�Q
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�_�2�H�2�p���M�+�2

�6�B�;�m�`�2 �j�X�k�, �a�H�B�/�B�M�; �r�B�M�/�Q�r �2�p���H�m���i�B�Q�M �Uk = 5�V �Q�7 �L�*�G �7�Q�` �G���b�i�7�K�- ���K���x�Q�M�@�H�#�- ���M�/
�J�G�@�R�y�J�X �h�?�2 �H���b�i �+�Q�H�m�K�M �B�b �B�M �2�t�T�Q�M�2�M�i�B���H �b�+���H�2�X

�R�R�3



�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

�r�?�Q�K �i�?�2�b�2 �B�i�2�K�b ���`�2 �B�`�`�2�H�2�p���M�i�- �2�t�+�2�T�i �7�Q�` �Q�M�2 �m�b�2�`�X�R�3 �A�M �2���+�? �B�i�2�`���i�B�Q�M�- ���M �B�i�2�K
�7�`�Q�K �i�?�2 �#�Q�i�i�Q�K �Q�7 �2���+�? �m�b�2�`�ö�b �i�Q�Tk �`���M�F�B�M�; �B�b �`�2�T�H���+�2�/ �#�v �� �`�2�H�2�p���M�i �B�i�2�K �?���p�B�M�;
�H�2�b�b �2�t�T�Q�b�m�`�2 �U�?�2�M�+�2 �K�Q�`�2 �7���B�`�V�X �h�?�2 �}�M���H �`���M�F�B�M�; �i�?�m�b �+�Q�M�i���B�M�bkm �m�M�B�[�m�2 �B�i�2�K�b
���+�`�Q�b�b ���H�H �m�b�2�`�b�- �r�?�2�`�2 �2���+�? �B�i�2�K �B�b �`�2�H�2�p���M�i �Q�M�H�v �i�Q �i�?�2 �m�b�2�` �i�?���i �`�2�+�2�B�p�2�b �i�?���i �B�i�2�K
�B�M �i�?�2 �i�Q�Tk�X �q�2 �2�t�T�2�+�i ���H�H �K�2���b�m�`�2�b �i�Q �B�M�B�i�B���H�H�v �b�+�Q�`�2 �i�?�2 �r�Q�`�b�i �T�Q�b�b�B�#�H�2�- ���M�/ �i�?�2�M
�;�`���/�m���H�H�v �B�K�T�`�Q�p�2 ���b �K�Q�`�2 �`�2�H�2�p���M�i ���M�/ �7���B�` �B�i�2�K�b �2�M�i�2�` �i�?�2 �`���M�F�b�X

�6�B�;�X�j�X�j�b�?�Q�r�b �i�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�B�b ���M���H�v�b�B�b�X �P�p�2�`���H�H�- �r�2 �b�2�2 �i�?���i �K�Q�b�i �D�Q�B�M�i �K�2���@
�b�m�`�2�b ���`�2 �M�Q�i �p�2�`�v �b�2�M�b�B�i�B�p�2 �i�Q �+�?���M�;�2�b �B�M�_�2�H���M�/�6���B� �̀b�+�Q�`�2�b�- �B�X�2�X�- �i�?�2�v �K���v �p���`�v�-
�#�m�i �M�2�;�H�B�;�B�#�H�v�X �h�?�B�b �p�2�`�B�}�2�b �i�?�2 �b�+���H�2 �K�B�b�K���i�+�? �#�2�i�r�2�2�M �K�Q�b�i �D�Q�B�M�i �K�2���b�m�`�2�b ���M�/
�i�?�2 �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b �Q�#�b�2�`�p�2�/ �B�Mx�j�X�9�X�R�� x�j�X�9�X�j�X �q�?�B�H�2 �i�?�2 �Q�p�2�`���H�H �+�?���M�;�2
�B�b �M�2�;�H�B�;�B�#�H�2 �7�Q�` �K�Q�b�i �K�2���b�m�`�2�b�- �� �+�Q�K�K�Q�M �Q�#�b�2�`�p���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b
�B�b �i�?���i �i�?�2�B�` �b�+�Q�`�2�b �#�2�+�Q�K�2 �U�b�H�B�;�?�i�H�v�V �#�2�i�i�2�` ���b�_�2�H���M�/�6���B� �̀b�+�Q�`�2�b �B�K�T�`�Q�p�2�X ���M
�2�t�+�2�T�i�B�Q�M �i�Q �i�?�B�b �B�b �A�6�.�X �h�?�B�b �B�b �#�2�+���m�b�2 �A�6�. �K�2���b�m�`�2�b �7���B�`�M�2�b�b �#���b�2�/ �Q�M �i�?�2 �T���B�`�@
�r�B�b�2 �/�B�z�2�`�2�M�+�2 �B�M �i�?�2 �+�Q�K�#�B�M�2�/ �p���H�m�2 �Q�7 �2�t�T�Q�b�m�`�2 ���M�/ �`�2�H�2�p���M�+�2�X �h�?�m�b�- �r�?�2�M �i�?�2
�`�2�H�2�p���M�i �B�i�2�K�b �b�i���`�i �i�Q �#�2 �K�Q�p�2�/ �i�Q �i�?�2 �i�Q�Tk�- �i�?�2 �;���T �#�2�i�r�2�2�M �i�?�2 �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i
�Q�7 �`�2�H�2�p���M�i �B�i�2�K�b �B�M ���M�/ �Q�m�i�b�B�/�2 �i�?�2 �i�Q�Tk �B�M�+�`�2���b�2�b�- ���M�/ �b�Q �/�Q�2�b �m�M�7���B�`�M�2�b�b�X ���K�Q�M�;
�D�Q�B�M�i �K�2���b�m�`�2�b �i�?���i �U�b�H�B�;�?�i�H�v�V �B�K�T�`�Q�p�2 �r�B�i�? �K�Q�`�2 �B�M�b�2�`�i�B�Q�M�- �i�?�2�`�2 ���`�2 ���H�b�Q �/�B�z�2�`�2�M�+�2�b�X
�A�"�P�f�A�q�P �B�K�T�`�Q�p�2 �H�B�M�2���`�H�v�c ���b �#�Q�i�? �K�2���b�m�`�2�b ���`�2 �T�2�`�+�2�M�i���;�2�b �Q�7 �B�i�2�K�b�- �i�?�2 �+�?���M�;�2 �B�b
�T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 ���K�Q�m�M�i �Q�7 �B�M�b�2�`�i�2�/ �B�i�2�K�b�X �>�. ���H�b�Q �B�K�T�`�Q�p�2�b�- �#�m�i �B�i�b �B�K�T�`�Q�p�2�K�2�M�i
�~�m�+�i�m���i�2�b �/�m�2 �i�Q �`���M�/�Q�K�M�2�b�b �B�M�i�`�Q�/�m�+�2�/ �#�v �i�?�2 �m�M�b�i���#�H�2 �b�Q�`�i �B�M �i�?�2 �+�Q�K�T�m�i���i�B�Q�M�-
���b �T�2�` �i�?�2 �Q�`�B�;�B�M���H �B�K�T�H�2�K�2�M�i���i�B�Q�M �B�M �(�R�y�j�)�X#�A�����f�A�6�.� �f�J�J�1�f�A�A�@�6�f���A�@�6 �B�K�T�`�Q�p�2
�M�Q�M�@�H�B�M�2���`�H�v�X �>�Q�r�2�p�2�`�- �i�?�2�B�` �b�+�Q�`�2�b ���`�2 �2�t�i�`�2�K�2�H�v �+�H�Q�b�2 �i�Q �y�- �B�X�2�X�- �Q�M �i�?�2 �b�+���H�2 �Q�710� 3

�Q�` �H�2�b�b�X �h�?�2 �H�Q�r�2�` �#�Q�m�M�/ �Q�7 �i�?�2 �K�2���b�m�`�2 �B�b �y�- �?�2�M�+�2 �i�?�2�b�2 �b�K���H�H �b�+�Q�`�2�b �B�M�/�B�+���i�2 �i�?���i
�i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �+�H�Q�b�2 �i�Q �i�?�2 �7���B�`�2�b�i�- �2�p�2�M ���i �i�?�2 �b�i���`�i �Q�7 �i�?�2 �T�`�Q�+�2�b�b �r�?�2�`�2 �i�?�2
�_�2�H���M�/�6���B� �̀b�+�Q�`�2�b ���`�2 �i�?�2 �r�Q�`�b�i �B�M �i�?�2 �2�M�i�B�`�2 �T�`�Q�;�`�2�b�b�B�Q�M�X �h�?�2�b�2 �D�Q�B�M�i �K�2���b�m�`�2�b
���`�2 ���H�b�Q �`���i�?�2�` �B�M�b�2�M�b�B�i�B�p�2 �i�Q �+�?���M�;�2�b �B�M�_�2�H���M�/�6���B��̀b�+�Q�`�2�b�X �>�2�`�2�- �i�?�2�B�` �b�+�Q�`�2 �`���M�;�2
�B�b �U�y�- �y�X�y�y�R�8�V�- �r�?�B�H�2 �i�?�2 �`���M�;�2 �Q�7�_�2�H�-�6���B�`�- ���M�/ �A�"�P�f�A�q�P �b�+�Q�`�2�b �B�b �(�y�-�R�)�X

�j�X�8 �_�2�H���i�2�/ �q�Q�`�F

�6���B�`�M�2�b�b �2�p���H�m���i�B�Q�M �B�M �_�a�b�X ���K�Q�M�; �T�`�B�Q�` �r�Q�`�F �Q�M �7���B�`�M�2�b�b �2�p���H�m���i�B�Q�M �B�M �_�a�b
�(�N�-�R�d�8�-�R�d�d�-�k�k�3�-�k�8�k�)�- �Q�m�` �b�i�m�/�v �B�b �+�H�Q�b�2 �i�Q���K�B�;�¦ �2�i ���H�X�(�N�)�- �r�?�Q �b�i�m�/�v �_�a �`�2�H�2�p���M�+�2
���M�/ �7���B�`�M�2�b�b �7�Q�` �;�`�Q�m�T�b�f�B�M�/�B�p�B�/�m���H�b ���M�/ �#�2�i�r�2�2�M �B�i�2�K�b ���M�/ �m�b�2�`�b�X �u�2�i�- �i�?�2 �7�Q�+�m�b �Q�7
�Q�m�` �r�Q�`�F�- �B�X�2�X�- �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b�- �B�b �M�Q�i �+�Q�p�2�`�2�/ �B�M �(�N�)�X�_���D ���M�/ �1�F�b�i�`���M�/�(�R�d�8�)
�Q�p�2�`�p�B�2�r �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�b �7�Q�` �B�i�2�K �;�`�Q�m�T �7���B�`�M�2�b�b�X �h�?�2�B�` �b�i�m�/�v �B�M�+�H�m�/�2�b �i�?�2 �A����
�K�2���b�m�`�2 ���b �� �;�`�Q�m�T �7���B�`�M�2�b�b �K�2���b�m�`�2 �U�r�?�2�`�2���b �r�2 �7�Q�+�m�b �Q�M �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b�V�X

�R�3�h�?�B�b �B�b �i�Q �F�2�2�T �i�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�K�b �2�t���+�i�H�vkm�X

�R�R�N



�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

�6�B�;�m�`�2 �j�X�j�, ���`�i�B�}�+�B���H �B�M�b�2�`�i�B�Q�M �Q�7 �B�i�2�K�b �r�B�i�?m = 1000 �U�m�b�2�`�b�V�X

�R�k�y



�*�?���T�i�2�` �j �% �*���M �q�2 �h�`�m�b�i �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K �6���B�`�M�2�b�b �1�p���H�m���i�B�Q�M�\ �h�?�2 �_�Q�H�2 �Q�7 �6���B�`�M�2�b�b ���M�/

�_�2�H�2�p���M�+�2

�G���b�i�H�v�-�_���K�T�B�b�2�H�� �2�i ���H�X�(�R�d�d�) �b�m�`�p�2�v �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �K�2���b�m�`�2�b �i�?���i ���`�2 �2�t�@
�+�H�m�b�B�p�2�H�v �H�B�M�F�2�/ �r�B�i�? �7���B�`�M�2�b�b ���M�/ �B�/�2�M�i�B�7�v �i�?�2 �H�B�K�B�i���i�B�Q�M�b �r�B�i�?�B�M �i�?�2�K�- �r�?�B�H�2 �r�2 �7�Q�+�m�b
�Q�M �K�2���b�m�`�2�b �i�?���i �D�Q�B�M�i�H�v ���+�+�Q�m�M�i �7�Q�` �#�Q�i�? �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2�X
�C�Q�B�M�i �K�2���b�m�`�2�b �Q�7 �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b�X �P�m�i�b�B�/�2 �i�?�2 �b�i�`�B�+�i �/�Q�K���B�M �Q�7 �B�M�@
�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �7�Q�` �_�a�- �i�?�2�`�2 �2�t�B�b�i �Q�i�?�2�` �K�2���b�m�`�2�b �i�?���i �[�m���M�i�B�7�v �`�2�H�2�p���M�+�2
���M�/ �7���B�`�M�2�b�b �D�Q�B�M�i�H�v�,�:���Q �2�i ���H�X�(�d�N�) �T�`�2�b�2�M�i �� �K�2���b�m�`�2 �+�Q�K�#�B�M�B�M�; �E�G�@�/�B�p�2�`�;�2�M�+�2 ���M�/
�A�.�*�: �i�Q �D�Q�B�M�i�H�v �[�m���M�i�B�7�v �`�2�H�2�p���M�+�2 ���M�/ �;�`�Q�m�T �7���B�`�M�2�b�b �B�M �A�_ �(�d�N�)�X �A�M �(�k�j�N�)�- �m�i�B�H�B�i�v ���M�/
�T�`�Q�p�B�/�2�` �7���B�`�M�2�b�b �B�M �_�a�b ���`�2 �b�B�K�m�H�i���M�2�Q�m�b�H�v �2�p���H�m���i�2�/ �r�B�i�? �� �r�2�B�;�?�i�2�/ �b�m�K �#�2�i�r�2�2�M
�`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b�X ���M�Q�i�?�2�` ���T�T�`�Q���+�? �m�b�2�/ �B�M �(�3�R�) �i�Q �2�p���H�m���i�2 �B�M�/�B�p�B�/�m���H �7���B�`�M�2�b�b
�B�M �`���M�F�B�M�; �B�b �i�Q �+�Q�K�T���`�2 �B�i�2�K �T�Q�b�B�i�B�Q�M �#���b�2�/ �Q�M �;�`�Q�m�M�/ �i�`�m�i�? �`�2�H�2�p���M�+�2 ���;���B�M�b�i �B�i�b
�T�Q�b�B�i�B�Q�M �B�M �b�v�b�i�2�K�@�T�`�Q�/�m�+�2�/ �`���M�F�B�M�;�b�X �L�Q�M�2 �Q�7 �i�?�2 �D�Q�B�M�i �K�2���b�m�`�2�b �B�M �Q�m�` �r�Q�`�F �B�b ��
�+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�r�Q �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b ���b �B�M �(�d�N�) �Q�` �B�M �i�?�2 �7�Q�`�K �Q�7 �r�2�B�;�?�i�2�/ �b�m�K
���b �B�M �(�k�j�N�)�X �h�?�2 �K�2���b�m�`�2 �B�M �(�3�R�) �B�b �b�B�K�B�H���` �i�Q �>�. �(�R�y�j�)�X �>�Q�r�2�p�2�`�- �r�2 �/�Q �M�Q�i �m�b�2 �B�i �B�M
�Q�m�` �r�Q�`�F �#�2�+���m�b�2 �B�i �r���b �M�Q�i �/�2�}�M�2�/ �7�Q�` �_�a �7���B�`�M�2�b�b�- ���M�/ �+�Q�M�b�B�/�2�`���#�H�2 �K�Q�/�B�}�+���i�B�Q�M�b
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�h���#�H�2 �9�X�R�, �a�m�K�K���`�v �Q�7 �i�?�2 �M�Q�i���i�B�Q�M

�L�Q�i���i�B�Q�M �1�t�T�H���M���i�B�Q�M

U = f u1; u2; : : : ; umg �h�?�2 �b�2�i �Q�7 �m�b�2�`�b
I = f i 1; i2; : : : ; ing �h�?�2 �b�2�i �Q�7 �B�i�2�K�b
jUj = m �h�?�2 �M�m�K�#�2�` �Q�7 �m�M�B�[�m�2 �m�b�2�`�b �B�M �/���i���b�2�i
jI j = n �h�?�2 �M�m�K�#�2�` �Q�7 �m�M�B�[�m�2 �B�i�2�K�b �B�M �/���i���b�2�i
p �h�?�2 �`���M�F �T�Q�b�B�i�B�Q�M
k �h�?�2 �+�m�i�@�Q�z �i�?�`�2�b�?�Q�H�/
W �h�?�2 �M�m�K�#�2�` �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �`�Q�m�M�/�b
ru;i 2 f 0; 1g �h�?�2 �`�2�H�2�p���M�+�2 �Q�7 �B�i�2�Ki �i�Q �m�b�2�`u
ru;i;w 2 f 0; 1g �h�?�2 �`�2�H�2�p���M�+�2 �Q�7 �B�i�2�Ki �i�Q �m�b�2�`u �B�M �`�Q�m�M�/w
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u �h�?�2 �b�2�i �Q�7 �`�2�H�2�p���M�i �B�i�2�K�b �7�Q�` �m�b�2�`u
z(u; i ) 2 f 1; 2; : : : ; ng �h�?�2 �`���M�F �T�Q�b�B�i�B�Q�M �Q�7 �B�i�2�Ki �7�Q�` �m�b�2�`u
z(u; i; w) 2 f 1; 2; : : : ; ng �h�?�2 �`���M�F �T�Q�b�B�i�B�Q�M �Q�7 �B�i�2�Ki �7�Q�` �m�b�2�`u �B�M �`�Q�m�M�/w
L k

u = Lu �h�?�2 �i�Q�T�@k �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �7�Q�` �m�b�2�`u
Lu;w �h�?�2 �i�Q�T�@k �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �7�Q�` �m�b�2�`u �B�M �`�Q�m�M�/w
Ln

u �h�?�2 �7�m�H�H �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �7�Q�` �m�b�2�`u
1A (x) = 1 �B�7x 2 A �- �2�H�b�2 �y �A�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�M

e�_�"�S ���T�T�H�v �/�B�b�+�Q�m�M�i�b �#���b�2�/ �Q�M �.�*�: �(�R�y�k�) ���M�/ �_���M�F�@�"�B���b�2�/ �S�`�2�+�B�b�B�Q�M �U�_�"�S�V �(�k�j�y�)
�`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �7�m�M�+�i�B�Q�Me�_�"�S �?���b �� �m�b�2�` �T���i�B�2�M�+�2 �T���`���K�2�i�2�`
 �- �B�X�2�X�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v
�Q�7 �� �m�b�2�` �p�B�2�r�B�M�; �i�?�2 �M�2�t�i �B�i�2�K �B�M �i�?�2 �`���M�F�X �h�?�2 �T���i�B�2�M�+�2 �T���`���K�2�i�2�` �?���b �#�2�2�M �b�2�i ���i�-
�2�X�;�X�-
 2 f 0:8; 0:9g �B�M �T�`�2�p�B�Q�m�b �H�B�i�2�`���i�m�`�2 �(�R�y�j�-�k�j�9�)�X �A�Me�B�M�p�- �i�?�2 �B�M�p�2�`�b�2 �2�t���K�B�M���i�B�Q�M
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�r�B�i�?�Q�m�i �+�Q�M�b�B�/�2�`�B�M�; �B�i�2�K �`�2�H�2�p���M�+�2 �i�Q �m�b�2�`�b�X �A�M �i�?�2 �i�Q�T�@k �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�+�2�M���`�B�Q�-
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�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�h���#�H�2 �9�X�k�, �1�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�b �m�b�2�/ �#�v �K�2���b�m�`�2�b �b�i�m�/�B�2�/ �B�M �i�?�B�b �r�Q�`�F�X �q�2 �/�2�M�Q�i�2
���b~e �i�?�2 �K�B�M�@�K���t �M�Q�`�K���H�B�b�2�/ �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�X

�2�[�m���i�B�Q�M �K�2���b�m�`�2 �`�2�7�2�`�2�M�+�2

�H�B�M�2���è�H�B(u; i; w) = k+1 � z(u; i; w)
~e�H�B(u; i; w) = e�H�B(u;i;w )� 1

k� 1 =
k� z(u;i;w )

k� 1

�A���� �(�k�j�)

�.�*�: e�.�*�: (u; i; w) = 1/ �H�Q�;2(z(u; i; w) + 1) �A�6�. �(�R�e�R�-�k�y�8�)
�_�"�S e�_�"�S(u; i; w) = 
 z(u;i;w )� 1 �>�.�- �A�A�@�6�- ���A�@�6 �(�R�y�j�-�k�j�9�)
�B�M�p�2�`�b�2� e�B�M�p(p) = 1/ p �J�J�1�- �A�"�P�f�A�q�P �(�R�N�R�)

� �h�?�2 �B�M�p�2�`�b�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M �/�B�`�2�+�i�H�v �/�2�T�2�M�/�b �Q�M �i�?�2 �`���M�F �T�Q�b�B�i�B�Q�Mp�X

�i�?�2 �i�Q�T�@k �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�b ���+�`�Q�b�b ���H�H �m�b�2�`�b ���M�/ �+�Q�K�T���`�2 �i�?�2 ���;�;�`�2�;���i�2�/ �B�i�2�K
�2�t�T�Q�b�m�`�2 �i�Q �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i�X �a�Q�K�2 �K�2���b�m�`�2�b ���`�2 ���/���T�i�2�/
�7�`�Q�K �Q�i�?�2�` �/�Q�K���B�M�b�- �2�X�;�X�- �i�?�2 �:�B�M�B �A�M�/�2�t �r���b �Q�`�B�;�B�M���H�H�v �/�2�p�2�H�Q�T�2�/ �i�Q �[�m���M�i�B�7�v �B�M�+�Q�K�2
�B�M�2�[�m���H�B�i�v �(�3�8�)�- �r�?�B�H�2 �i�?�2 �C���B�M �A�M�/�2�t �r���b �/�2�p�2�H�Q�T�2�/ �i�Q �[�m���M�i�B�7�v �7���B�`�M�2�b�b �B�M �+�Q�K�T�m�i�2�`
�M�2�i�r�Q�`�F�b �(�R�y�R�)�c �Q�i�?�2�`�b �r�2�`�2 �b�T�2�+�B�}�+���H�H�v �/�2�}�M�2�/ �7�Q�` �7���B�`�M�2�b�b �B�M �`�2�+�Q�K�K�2�M�/���i�B�Q�M�- �2�X�;�X�-
�Z�6 �(�k�e�9�)�X �6�Q�` �� �K�Q�`�2 �/�2�i���B�H�2�/ �`�2�p�B�2�r �Q�7 �i�?�2�b�2 �K�2���b�m�`�2�b�- �r�2 �`�2�7�2�` �i�?�2 �`�2���/�2�` �i�Q
�_���K�T�B�b�2�H�� �2�i ���H�X�(�R�d�d�)�X

�9�X�k�X�j�_�2�H�2�p���M�+�2�@���r���`�2 �6���B�`�M�2�b�b �J�2���b�m�`�2�b

�q�2 �T�`�2�b�2�M�i �b�2�p�2�M �K�2���b�m�`�2�b �i�?���i �?���p�2 �#�2�2�M �m�b�2�/ �i�Q �2�p���H�m���i�2 �7���B�`�M�2�b�b �+�Q�M�b�B�/�2�`�B�M�; �`�2�H�@
�2�p���M�+�2 �U�C�Q�B�M�i�K�2���b�m�`�2�b �?�2�M�+�2�7�Q�`�i�?�V�X �h�Q �Q�m�` �F�M�Q�r�H�2�/�;�2�- �i�?�2�b�2 ���`�2 ���H�H �i�?�2�C�Q�B�M�i
�K�2���b�m�`�2�b �7�Q�` �_�a�b �T�m�#�H�B�b�?�2�/ �m�T �i�Q �R �C�m�H�v �k�y�k�9�X �1���+�? �K�2���b�m�`�2 �2�K�T�H�Q�v�b ���M �2�t���K�B�M���@
�i�B�Q�M �7�m�M�+�i�B�Q�M �U�h���#�X�9�X�k�V�- �r�?�B�+�? �[�m���M�i�B�}�2�b �B�i�2�K �2�t�T�Q�b�m�`�2�- ���M�/ �i�?�2�`�2�7�Q�`�2 �i�?�2 �K�2���b�m�`�2
�2�p���H�m���i�2�b �`�2�+�Q�K�K�2�M�/���i�B�Q�M �7���B�`�M�2�b�b �Q�7 �B�i�2�K �2�t�T�Q�b�m�`�2 �D�Q�B�M�i�H�v �r�B�i�? �B�i�2�K �`�2�H�2�p���M�+�2�X

�q�2 �T�`�2�b�2�M�i �i�?�2�b�2 �K�2���b�m�`�2�b �M�2�t�i�X �q�2 �T�`�2�+�2�/�2 �� �K�2���b�m�`�2 �M���K�2 �r�B�i�?" �U#�V �i�Q
�B�M�/�B�+���i�2 �i�?���i �� �?�B�;�?�2�` �U�H�Q�r�2�`�V �K�2���b�m�`�2 �b�+�Q�`�2 �K�2���M�b �� �7���B�`�2�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X �h�?�2
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�.�B�b�i���M�+�2 �U�>�.�V�- ���`�2 �/�2�}�M�2�/ �7�Q�` �K�m�H�i�B�T�H�2 �`�Q�m�M�/�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �Q�` �b�i�Q�+�?���b�i�B�+
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�9�X�k�X�j�X�R�A�M�2�[�m�B�i�v �Q�7 ���K�Q�`�i�B�x�2�/ ���i�i�2�M�i�B�Q�M �U�A�����V �(�R�N�)

#�A�����k �[�m���M�i�B�}�2�b �i�?�2 ���;�;�`�2�;���i�2�/ �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �B�i�2�K �2�t�T�Q�b�m�`�2 ���M�/ �B�i�2�K �`�2�H�2�p���M�+�2
�i�Q �� �m�b�2�`�- �B�M �� �b�i�Q�+�?���b�i�B�+���H�H�v�@�;�2�M�2�`���i�2�/ �b�2�`�B�2�b �Q�7 �`���M�F�B�M�;�b �(�R�N�)�X �A�M�i�m�B�i�B�p�2�H�v�- �� �b�2�[�m�2�M�+�2
�Q�7 �`���M�F�B�M�;�b �B�b �7���B�` �#���b�2�/ �Q�M �A���� �r�?�2�M �i�?�2 �B�i�2�K �2�t�T�Q�b�m�`�2 �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �B�i�b �`�2�H�@
�2�p���M�+�2 �i�Q �i�?�2 �m�b�2�`�X �h�?�2 �`���M�F �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �B�i�2�K �B�b �� �T�`�Q�t�v �Q�7 �B�i�b �2�t�T�Q�b�m�`�2�X �h�Q
�K�2���b�m�`�2 �7���B�`�M�2�b�b �B�M �K�m�H�i�B�T�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �`�Q�m�M�/�b�- �A���� �r���b �K�Q�/�B�}�2�/ �B�M�"�Q�`�;�2�b
���M�/ �a�i�2�7���M�B�/�B�b�(�k�j�)�,
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�*�R�X�L�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �/�m�2 �i�Q �m�M�F�M�Q�r�M �7�Q�`�K�m�H���i�B�Q�M �Q�7 �K���t�f�K�B�M �b�+�Q�`�2�(�R�d�d�) � � � �
�*�k�X�L�Q�M�@�m�M�B�7�Q�`�K �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �m�b G# G# G# G#

�L�Q�M�@�H�Q�+���H�B�b���i�B�Q�M�, �`�2�[�m�B�`�2�b �B�i�2�K �`�2�H�2�p���M�+�2 �B�M�7�Q�`�K���i�B�Q�M �#�2�v�Q�M�/ �+�m�i�@�Q�zk �(�R�8�j�) � � � � � �
�l�M�/�2�}�M�2�/�M�2�b�b�, �+���M�M�Q�i �#�2 �+�Q�K�T�m�i�2�/ �U�m�M�/�2�}�M�2�/ �p���H�m�2�V�(�R�d�d�) � �
�w�2�`�Q�@�2�t�T�Q�b�m�`�2�, �;�B�p�2�b �x�2�`�Q �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �i�Q �2�t�T�Q�b�2�/ �B�i�2�K�m�b �
�h�Q�T�@k�@�B�M�b�2�M�b�B�i�B�p�B�i�v�, �;�B�p�2�b �M�Q�M�x�2�`�Q �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �i�Q �m�M�2�t�T�Q�b�2�/ �B�i�2�Kk �m�b �
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�Q�7 �m�M�B�[�m�2 �B�i�2�K�b �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �U���b �Q�T�T�Q�b�2�/ �i�Q �`�2�+�Q�K�K�2�M�/�B�M�; �i�?�2 �b���K�2 �7�2�r
�B�i�2�K�b �i�Q ���H�H �m�b�2�`�b�V�-#���A�@�6 �r�Q�m�H�/ �;�B�p�2 �� �7���B�`�2�` �b�+�Q�`�2 �i�?���M#�A�A�@�6�X ���A�@�6 �?���b �� �`���M�;�2 �Q�7
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�9�X�j �J�2���b�m�`�2 �G�B�K�B�i���i�B�Q�M�b

�h�?�2 �K�2���b�m�`�2�b �B�M ���9�X�k�X�j�b�m�z�2�` �7�`�Q�K �i�?�2�Q�`�2�i�B�+���H �H�B�K�B�i���i�B�Q�M�b�X �6�Q�H�H�Q�r�B�M�;�_���K�T�B�b�2�H��
�2�i ���H�X�(�R�d�d�)�- �i�?�2 �i�2�`�K �ó�H�B�K�B�i���i�B�Q�M�ô �`�2�7�2�`�b �i�Q �� �K�2���b�m�`�2 �7���B�H�B�M�; �i�Q �[�m���M�i�B�7�v �Q�` �7�m�H�}�H�H
�+�`�B�i�2�`�B�� �i�?���i ���`�2 �B�K�T�Q�`�i���M�i �B�M �7���B�`�M�2�b�b �2�p���H�m���i�B�Q�M�X �_�2�;���`�/�H�2�b�b �Q�7 �i�?�2 �`�2���b�Q�M �U�2�X�;�X�-
�/�2�H�B�#�2�`���i�2 �/�2�b�B�;�M �+�?�Q�B�+�2 �Q�` �m�M�B�M�i�2�M�i�B�Q�M���H �~���r�V�- �i�?�2 �H�B�K�B�i���i�B�Q�M �`�2�b�i�`�B�+�i�b �i�?�2 �m�b���;�2
�Q�7 �i�?�2 �K�2���b�m�`�2�X �a�2�p�2�`���H �H�B�K�B�i���i�B�Q�M�b �K���v �`�2�M�/�2�` �i�?�2 �K�2���b�m�`�2 �+�Q�K�T�H�2�i�2�H�v �m�M�m�b���#�H�2
�U���9�X�j�X�j�- ���9�X�j�X�8�V�- �#�m�i �Q�i�?�2�`�b �+���M �b�i�B�H�H �#�2 �m�b�2�/ �r�B�i�? ���M ���r���`�2�M�2�b�b �Q�7 �i�?�2 �H�B�K�B�i���i�B�Q�M ���M�/
�?�Q�r �B�i ���z�2�+�i�b �i�?�2 �K�2���b�m�`�2 �Q�` �B�i�b �B�M�i�2�`�T�`�2�i���i�B�Q�M �U���9�X�j�X�R�- ���9�X�j�X�k�- ���9�X�j�X�9�V�X �>�2�`�2�- �r�2
�+�Q�M�b�B�/�2�` �K�2���b�m�`�2 �m�b���;�2 �B�M �i�?�2 �+���b�2 �Q�7 �i�Q�T�@k �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�- ���b �Q�M�2 �Q�7 �i�?�2 �K�Q�b�i
�T�Q�T�m�H���` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�+�2�M���`�B�Q�b�X

���H�i�Q�;�2�i�?�2�`�- �r�2 �B�/�2�M�i�B�7�v �}�p�2 �H�B�K�B�i���i�B�Q�M�b ���z�2�+�i�B�M�; �i�?�2 �K�2���b�m�`�2�b�- �b�m�K�K���`�B�b�2�/ �B�M
�h���#�X�9�X�j�X �A�M �2���+�? �?�2���/�B�M�; �#�2�H�Q�r�- �r�2 �T�m�i �B�M �#�`���+�F�2�i�b �i�?�2 �M���K�2�b �Q�7 �i�?�2 �K�2���b�m�`�2�b
���z�2�+�i�2�/ �#�v �i�?�2 �H�B�K�B�i���i�B�Q�M�X
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�9�X�j�X�R�G�B�K�B�i���i�B�Q�M �R�, �L�Q�M�@�`�2���H�B�b���#�B�H�B�i�v

���H�H�C�Q�B�M�i�K�2���b�m�`�2�b ���`�2 ���z�2�+�i�2�/ �#�v �i�?�B�b �H�B�K�B�i���i�B�Q�M�- �r�?�B�+�? �B�b �/�2�}�M�2�/ ���b �i�?�2 �K�2���b�m�`�2
�i�?�2�Q�`�2�i�B�+���H�H�v �7���B�H�B�M�; �i�Q �`�2���+�? �i�?�2 �K���t�f�K�B�M �b�+�Q�`�2�- �;�B�p�2�M ���H�H �T�Q�b�b�B�#�H�2 �B�i�2�K �`���M�F�B�M�;�b
���+�`�Q�b�b �m�b�2�`�b �(�R�d�d�)�X �h�?�2 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �H�B�K�B�i���i�B�Q�M �+���m�b�2�b �/�B�{�+�m�H�i�v �B�M �B�M�i�2�`�T�`�2�i�B�M�;
�i�?�2 �7���B�`�M�2�b�b �b�+�Q�`�2�- ���b �i�?�2 �#�2�b�i �Q�` �r�Q�`�b�i �T�Q�b�b�B�#�H�2 �7���B�`�M�2�b�b �b�+�Q�`�2 �+�?���M�;�2�b �/�2�T�2�M�/�B�M�; �Q�M
�i�?�2 �/���i���b�2�i �/�B�b�i�`�B�#�m�i�B�Q�M�- �U�2�X�;�X�- �?�Q�r �K���M�v �`�2�H�2�p���M�i �B�i�2�K�b �� �m�b�2�` �?���b�V�- �Q�` �2�t�T�2�`�B�K�2�M�i���H
�+�?�Q�B�+�2�b �U�2�X�;�X�- �i�?�2 �+�m�i�@�Q�zk�V�X �h�?�m�b�- �?�Q�r �7���` �i�?�2 �7���B�`�M�2�b�b �b�+�Q�`�2 �B�b �7�`�Q�K �i�?�2 �K���t �Q�`
�K�B�M �b�+�Q�`�2 �U�#���b�2�/ �Q�M �B�i�b �`���M�;�2�V �+���M�M�Q�i �#�2 �F�M�Q�r�M�X �6�Q�` �2�t���K�T�H�2�- �B�7 �� �H�Q�r�2�`�@�B�b�@�7���B�`�2�`
�K�2���b�m�`�2 �?���b �� �(�y�-�R�)�@�`���M�;�2 ���M�/ �� �K�Q�/�2�H �b�+�Q�`�2�b �y�X�k�- �Q�M�2 �K�B�;�?�i �i�?�B�M�F �i�?���i �i�?�2 �K�Q�/�2�H
�B�b �M�Q�i �T�2�`�7�2�+�i�H�v �7���B�` ���M�/ �i�?���i �7���B�`�M�2�b�b �+���M �b�i�B�H�H �#�2 �B�K�T�`�Q�p�2�/�X �u�2�i�- �B�7 �� �b�+�Q�`�2 �Q�7 �y�X�k �B�b
���H�`�2���/�v �i�?�2 �K�B�M�B�K�m�K �i�?���i �+���M �#�2 ���+�?�B�2�p�2�/ �;�B�p�2�M ���M�v �+�Q�K�#�B�M���i�B�Q�M �Q�7 �p���H�m�2�b�- �B�i �r�Q�m�H�/
�K�2���M �i�?���i �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �+���M�M�Q�i �#�2 �K���/�2 �7���B�`�2�`�c �M�Q�M�2 �Q�7 �i�?�2�C�Q�B�M�i�K�2���b�m�`�2�b
�b�+�Q�`�2�b �+���M �b�?�Q�r �i�?�B�b ���M�/ �i�?�2�B�` �b�+�Q�`�2�b �K���v �i�?�2�`�2�7�Q�`�2 �#�2 �K�B�b�H�2���/�B�M�;�X �A�M �Q�i�?�2�` �r�Q�`�/�b�-
�i�?�B�b �K�2���M�b �i�?���i �i�?�2 ���+�?�B�2�p���#�H�2 �K�2���b�m�`�2 �`���M�;�2 �K���v �M�Q�i ���+�i�m���H�H�v �#�2 �(�y�-�R�) ���b �T�2�` �i�?�2
�i�?�2�Q�`�2�i�B�+���H �`���M�;�2�- �#�m�i �Q�M�H�v �� �b�m�#�`���M�;�2 �Q�7 �B�i�X

�h�?�B�b �H�B�K�B�i���i�B�Q�M �B�b �}�`�b�i �/�2�}�M�2�/ �B�M�_���K�T�B�b�2�H�� �2�i ���H�X�(�R�d�d�) �B�M �`�2�H���i�B�Q�M �i�Q �i�?�2 �M�m�K�#�2�`
�Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i�X �>�2�`�2�- �r�2 �b�?�Q�r
�i�?���i �i�?�2 �b���K�2 �H�B�K�B�i���i�B�Q�M �Q�+�+�m�`�b �B�M �`�2�H���i�B�Q�M �i�Q �i�?�2 �B�i�2�K �`�2�H�2�p���M�+�2 �H���#�2�H�b ���M�/ �2�t�T�Q�b�m�`�2
�r�2�B�;�?�i�b�X �6�Q�m�` �+���m�b�2�b �Q�7 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �r�2�`�2 �T�`�2�p�B�Q�m�b�H�v �B�/�2�M�i�B�}�2�/ �B�M�_���K�T�B�b�2�H��
�2�i ���H�X�(�R�d�d�)�X �q�2 ���H�b�Q �B�/�2�M�i�B�7�v �� �M�2�r �+���m�b�2 �Q�7 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �B�M �i�?�2�C�Q�B�M�i�K�2���b�m�`�2�b�X
�L�2�t�i�- �r�2 �2�t�T�H���B�M �i�?�2 �i�r�Q �+���m�b�2�b �Q�7 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�- �Q�M�2 �i�?���i �?���b �#�2�2�M �B�/�2�M�i�B�}�2�/ �B�M
�_���K�T�B�b�2�H�� �2�i ���H�X�(�R�d�d�) ���M�/ �i�?�2 �M�2�r �+���m�b�2 �i�?���i �r�2 �B�/�2�M�i�B�}�2�/�X

�9�X�j�X�R�X�R�*���m�b�2 �R �U#�>�.�- #�J�J�1�- " �A�"�P�f#�A�q�P�-#���A�@�6�V

�h�?�2 �}�`�b�i �+���m�b�2 �Q�7 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �B�b �/�m�2 �i�Q �i�?�2 �2�t���+�i �7�Q�`�K�m�H���i�B�Q�M �Q�7 �i�?�2 �K���t�f�K�B�M
���+�?�B�2�p���#�H�2 �b�+�Q�`�2 �#�2�B�M�; �m�M�F�M�Q�r�M �(�R�d�d�)�, �;�B�p�2�M �� �b�2�i �Q�7 �m�b�2�`�@�B�i�2�K �`�2�H�2�p���M�+�2 �H���#�2�H�b�-
�?�Q�r �/�Q �r�2 �Q�`�/�2�` �B�i�2�K�b �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �i�Q �T�`�Q�/�m�+�2 �i�?�2 �K���t�B�K�m�K �Q�`
�K�B�M�B�K�m�K �7���B�`�M�2�b�b �b�+�Q�`�2�\ �A�M �Q�i�?�2�` �r�Q�`�/�b�- �i�?�2 �U�m�M�V�7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M �+���M�M�Q�i �#�2
�/�2�i�2�`�K�B�M�2�/ �b�Q�H�2�H�v �i�?�`�Q�m�;�? �i�?�2�Q�`�2�i�B�+���H ���M���H�v�b�B�b �/�m�2 �i�Q �i�?�2 �+�Q�K�T�H�2�t�B�i�v �Q�7 �i�?�2 �K�2���b�m�`�2
�U�2�X�;�X�- �b�+�Q�`�2 ���;�;�`�2�;���i�B�Q�M �T�2�` �B�i�2�K�- �p���`�B�Q�m�b �T�2�`�K�m�i���i�B�Q�M�b �Q�7 �m�b�2�`�@�B�i�2�K �`�2�H�2�p���M�+�2 �p���H�m�2�b
���M�/ �i�?�2�B�` �+�Q�K�#�B�M���i�B�Q�M �r�B�i�? �B�i�2�K �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�V�X �q�?�B�H�2 �Q�M�2 �+���M ���H�r���v�b �2�M�m�K�2�`���i�2
���H�H �T�2�`�K�m�i���i�B�Q�M�b �i�Q �;�2�i �i�?�2 ���+�?�B�2�p���#�H�2 �K���t�f�K�B�M �b�+�Q�`�2�b�- �B�i �B�b �� �?�B�;�?�H�v �+�Q�b�i�H�v �T�`�Q�+�2�b�b�c
�i�?�m�b�- �B�M �i�?�2 �2�t���K�T�H�2�b �#�2�H�Q�r�- �r�2 �m�b�2 �i�Q�v �2�t���K�T�H�2�b �r�B�i�? �� �b�K���H�H �M�m�K�#�2�` �Q�7 �m�b�2�`�b
���M�/ �B�i�2�K�b�X �1�p�2�M �B�7 �Q�m�` �?�v�T�Q�i�?�2�i�B�+���H �2�t���K�T�H�2�b �?�2�`�2 ���`�2 �Q�M�H�v �r�B�i�? �b�K���H�H �p���H�m�2�b�- �r�2
���`�;�m�2 �i�?���i �� �7���B�`�M�2�b�b �K�2���b�m�`�2 �b�?�Q�m�H�/ �b�i�B�H�H �r�Q�`�F �T�`�Q�T�2�`�H�v �;�B�p�2�M ���M�v �M�m�K�#�2�` �Q�7 �m�b�2�`�b
�Q�` �B�i�2�K�b�X �6�m�`�i�?�2�`�- �B�M �`�2���H�@�H�B�7�2 �b�2�i�i�B�M�;�b�- �i�?�2�`�2 ���`�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �m�b�2 �+���b�2�b �r�B�i�? �Q�M�H�v
�� �7�2�r �B�i�2�K�b�- �2�X�;�X�- �B�M�b�m�`���M�+�2 �T�`�Q�/�m�+�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M �(�k�k�)�X �1�p���H�m���i�B�M�; �7���B�`�M�2�b�b �B�M
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�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�b�m�+�? �+���b�2�b �r�Q�m�H�/ �M�2�2�/ �� �7���B�`�M�2�b�b �K�2���b�m�`�2 �i�?���i �r�Q�`�F�b �T�`�Q�T�2�`�H�v �7�Q�` �� �b�K���H�H �M�m�K�#�2�`
�Q�7 �B�i�2�K�b�X �L�Q�i�2 �i�?���i ���H�H �K�2���b�m�`�2�b ���z�2�+�i�2�/ �#�v �i�?�B�b �H�B�K�B�i���i�B�Q�M �2�t�+�2�T�i �>�. ���`�2 �/�2�}�M�2�/
�7�Q�` �K�m�H�i�B�T�H�2 �`�Q�m�M�/�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�- �#�m�i �b�B�M�+�2 �J�J�1�- �A�"�P�- ���M�/ �A�q�P �?���p�2 �Q�M�H�v
�#�2�2�M �+�Q�K�T�m�i�2�/ �m�M�/�2�` �+���b�2�b �2�[�m�B�p���H�2�M�i �i�Q �� �b�B�M�;�H�2 �`�Q�m�M�/ �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �U�B�X�2�X�- ��
�/�2�i�2�`�K�B�M�B�b�i�B�+ �`���M�F�B�M�; �T�Q�H�B�+�v�V�- �r�2 �Q�M�H�v �T�`�Q�p�B�/�2 �2�t���K�T�H�2�b �7�Q�` �� �b�B�M�;�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�`�Q�m�M�/ �7�Q�` �i�?�2�b�2 �K�2���b�m�`�2�b�X

�1�t���K�T�H�2�U�>�.�V�X�A�M �T�`�B�M�+�B�T�H�2�-#�>�. �`���M�;�2�b �#�2�i�r�2�2�M �y ���M�/ �R�- �#�m�i �7�Q�`k = m = 2
���M�/n = 3�- �B�i�b �K���t�B�K�m�K �b�+�Q�`�2 �B�b �Q�M�H�v �y�X�d�y�d�- �r�?�B�+�? �B�b ���+�?�B�2�p�2�/ �r�?�2�M ���H�H �i�Q�T�@k
�B�i�2�K�b ���`�2 �B�`�`�2�H�2�p���M�i�X �h�?�B�b �K���t�B�K�m�K �b�+�Q�`�2 �B�b �Q�#�i���B�M�2�/ ���7�i�2�` �B�i�2�`���i�B�M�; �i�?�`�Q�m�;�? ���H�H
�T�2�`�K�m�i���i�B�Q�M�b �Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i ���M�/ �B�i�2�K �`�2�H�2�p���M�+�2 �p���H�m�2�b �r�?�B�H�2 ���b�b�m�K�B�M�;
�#�B�M���`�v �`�2�H�2�p���M�+�2ru;i 2 f 0; 1g�X �:�B�p�2�M �i�?�2 �b�+�Q�`�2 �Q�7 �y�X�d�y�d�- �r�?�2�M �+�Q�K�T���`�B�M�; �B�i �i�Q �i�?�2
�i�?�2�Q�`�2�i�B�+���H �`���M�;�2 �Q�7 �(�y�-�R�)�- �Q�M�2 �K���v �i�?�B�M�F �i�?���i �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �`���i�?�2�` �m�M�7���B�`�-
�#�m�i �M�Q�i �b�2�p�2�`�2�H�v �m�M�7���B�`�- �2�p�2�M �B�7 �i�?�B�b �B�b �i�?�2 �K�Q�b�i �m�M�7���B�` �b�+�Q�`�2 �i�?���i �B�b �2�K�T�B�`�B�+���H�H�v
���+�?�B�2�p���#�H�2 �;�B�p�2�M �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �+�?�Q�B�+�2 ���M�/ �/���i���b�2�i �+�Q�K�T�Q�b�B�i�B�Q�M�X �>�2�M�+�2�- �i�?�2 �M�Q�M�@
�`�2���H�B�b���#�B�H�B�i�v �K���v �?�B�M�/�2�` ���M ���+�+�m�`���i�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2 �7���B�`�M�2�b�b �H�2�p�2�H�X

�1�t���K�T�H�2�U�J�J�1�- �A�"�P�- �A�q�P�V�X�h�?�2 �K�Q�b�i �7���B�`#�J�J�1�- �J�J�1 = 0�- �K�2���M�b �i�?���i �`�2�+�@
�Q�K�K�2�M�/���i�B�Q�M�b ���`�2 �2�M�p�v�@�7�`�2�2�- �r�?�B�+�? �r�2 �2�t�T�H���B�M �B�M ���9�X�k�X�j�X�9�X �6�Q�`k > 1�- ���M �2�M�p�v�@�7�`�2�2
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �M�Q�i ���H�r���v�b �;�m���`���M�i�2�2�/ �(�R�N�R�)�- �b�Q �J�J�1= 0 �K���v �#�2 �m�M�`�2���+�?���#�H�2�X
�6�Q�` �2�t���K�T�H�2�- �r�?�2�Mk = n = 3�-m = 2�- ���M�/ �r�?�2�M �2���+�? �B�i�2�K �B�b �`�2�H�2�p���M�i �i�Q ���H�H �m�b�2�`�b�-
�i�?�2 �K�B�M�B�K�m�K ���+�?�B�2�p���#�H�2#�J�J�1 �B�b118 �m�M�/�2�` �� �/�2�i�2�`�K�B�M�B�b�i�B�+ �`���M�F�B�M�; �T�Q�H�B�+�v�X

�q�?�B�H�2 �i�?�2 �m�T�T�2�` �#�Q�m�M�/ �U�7���B�`�2�b�i �b�+�Q�`�2�V �Q�7#�J�J�1 �B�b �m�M�+�H�2���`�- �i�?�2 �7���B�`�2�b�i �b�+�Q�`�2�b �7�Q�`
" �A�"�P �U�A�"�P= 1�V ���M�/#�A�q�P �U�A�q�P= 0�V�- ���`�2 �M�Q�i ���H�r���v�b ���+�?�B�2�p���#�H�2�X �6�Q�` �2�t���K�T�H�2�-
�m�M�/�2�` �� �/�2�i�2�`�K�B�M�B�b�i�B�+ �`���M�F�B�M�; �T�Q�H�B�+�v�- �r�?�2�Mk = n = 3�-m = 2�- ���M�/ �7�Q�` ���M�v �+�Q�K�#�B�M���@
�i�B�Q�M�b �Q�7 �`�2�H�2�p���M�+�2 �p���H�m�2�b �7�Q�` ���H�H �m�b�2�`�b ���M�/ �B�i�2�K�b�- �i�?�2 �K���t�B�K�m�K ���+�?�B�2�p���#�H�2#�J�J�1 �7�Q�`
���M�v �T�2�`�K�m�i���i�B�Q�M�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�b ���+�`�Q�b�b ���H�H �m�b�2�`�b �B�b7
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2
3 �- ���M�/ �i�?�2 �7���B�`�2�b�i#�A�q�P �B�b1

3 �X
�"�Q�i�?" �A�"�P�f#�A�q�P �+�Q�K�T���`�2 �i�?�2 �B�K�T���+�i�- �#���b�2�/ �Q�M �2�t�T�Q�b�m�`�2 ���M�/ �`�2�H�2�p���M�+�2�- �T�`�Q�@

�/�m�+�2�/ �#�v �� �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �i�Q �i�?�2 �i�?�`�2�b�?�Q�H�/�2�/ �B�K�T���+�i�- �#���b�2�/ �Q�M �i�?�2 �B�K�T���+�i
�T�`�Q�/�m�+�2�/ �#�v �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�b �r�B�i�? �m�M�B�7�Q�`�K �2�t�T�Q�b�m�`�2�X �h�?�2 �i�?�`�2�b�?�Q�H�/�2�/ �B�K�T���+�i
�/�2�T�2�M�/�b �Q�M �� �K�m�H�i�B�T�H�v�B�M�; �+�Q�M�b�i���M�i �r�?�B�+�? �B�b �b�2�i ���`�#�B�i�`���`�B�H�v ���M�/ �� �T�`�B�Q�`�B �U�R�X�R �7�Q�`" �A�"�P
���M�/ �y�X�N �7�Q�`#�A�q�P �B�M �1�[�X �U�9�X�R�3�V���U�9�X�R�N�V�V�X �A�i �B�b �i�?�m�b �T�Q�b�b�B�#�H�2 �i�?���i �i�?�2 �Q�T�i�B�K���H �/�B�b�i�`�B�@
�#�m�i�B�Q�M �Q�7 �B�K�T���+�i �B�M �Q�m�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �B�b �b�Q�K�2�i�B�K�2�b �H�2�b�b �i�?���M �i�?�2 �i�?�`�2�b�?�Q�H�/�2�/
�B�K�T���+�i �U�7�Q�`" �A�"�P�V �Q�` �K�Q�`�2 �i�?���M �i�?�2 �i�?�`�2�b�?�Q�H�/�2�/ �B�K�T���+�i �U�7�Q�`#�A�q�P�V �/�m�2 �i�Q �i�?�2
�/���i���b�2�i �+�Q�K�T�Q�b�B�i�B�Q�M�X �A�M�i�m�B�i�B�p�2�H�v�- �M�Q�i ���H�H �B�i�2�K�b �K���v �?���p�2 �� �#�2�i�i�2�` �B�K�T���+�i �i�?���M �i�?�2
�i�?�`�2�b�?�Q�H�/�2�/ �B�K�T���+�i�- �r�?�B�+�? �+���m�b�2�b" �A�"�P< 1�- ���M�/ �M�Q�i ���H�H �B�i�2�K�b �r�Q�m�H�/ �?���p�2 �� �r�Q�`�b�2
�B�K�T���+�i �i�?���M �i�?�2 �i�?�`�2�b�?�Q�H�/�2�/ �B�K�T���+�i�- �r�?�B�+�? �+���m�b�2�b#�A�q�P> 0�X �a�Q�- �+�Q�K�T���`�B�M�; �B�K�T���+�i�b
���b ���#�Q�p�2 �K���v �+���m�b�2 �i�?�2 �7���B�`�2�b�i �b�+�Q�`�2 �i�Q �#�2 �m�M�`�2���+�?���#�H�2�X
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�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�1�t���K�T�H�2�U���A�@�6�V�X#���A�@�6 �K���v ���H�b�Q �M�Q�i �`�2���+�? �i�?�2 �m�M�7���B�`�2�b�i �b�+�Q�`�2 �Q�7 �R�X �6�Q�` �2�t���K�T�H�2�-
�;�B�p�2�Mk = m = 2; n = 3�- �7�Q�` ���H�H �T�2�`�K�m�i���i�B�Q�M�b �Q�7 �B�i�2�K�b �B�M �� �T�Q�b�b�B�#�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�H�B�b�i ���M�/ �m�b�2�`�@�B�i�2�K �#�B�M���`�v �`�2�H�2�p���M�+�2 �p���H�m�2�b�- �B�i�b �K���t�B�K�m�K �b�+�Q�`�2 �B�b �Q�M�H�v �y�X�3�3�X �h�?�B�b �b�+�Q�`�2
�B�b �Q�#�i���B�M�2�/ �r�?�2�M �i�?�2 �b���K�2k �B�i�2�K�b ���`�2 �`�2�+�Q�K�K�2�M�/�2�/ �i�Q ���H�H �m�b�2�`�b�- ���M�/ �#�Q�i�? �B�i�2�K�b ���`�2
�B�`�`�2�H�2�p���M�i �i�Q �2���+�? �m�b�2�`�X �1�p�2�M �B�7 �i�?�2 �b�2�i�m�T �B�b �2�t�i�2�M�/�2�/ �i�Q �K�m�H�i�B�@�`�Q�m�M�/ �b�2�i�i�B�M�;�b�- �i�?�2
�K���t�B�K�m�K ���A�@�6 �r�Q�m�H�/ �`�2�K���B�M �y�X�3�3�- �Q�#�i���B�M�2�/ �7�`�Q�K �`�2�+�Q�K�K�2�M�/�B�M�; �i�?�2 �b���K�2k �B�i�2�K�b
�i�Q ���H�H �m�b�2�`�b �B�M ���H�H �`�Q�m�M�/�b�X �h�?�B�b �B�b �#�2�+���m�b�2 �i�?�2 �i���`�;�2�i �2�t�T�Q�b�m�`�2E �

u;i �U�1�[�X �U�9�X�k�j�V�V �B�b
�B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �`�Q�m�M�/�b�- �r�?�B�H�2 �i�?�2 �b�v�b�i�2�K �2�t�T�Q�b�m�`�2Eu;i �T�`�Q�/�m�+�B�M�; �i�?�2
�m�M�7���B�`�2�b�i ���A�@�6 �B�M �K�m�H�i�B�@�`�Q�m�M�/ �b�2�i�i�B�M�;�b �B�b �i�?�2 �b���K�2 ���b �i�?���i �Q�7 �i�?�2 �b�B�M�;�H�2�@�`�Q�m�M�/�- ���b �B�i
�T�`�Q�/�m�+�2�b �i�?�2 �K���t�B�K�m�K ���;�;�`�2�;���i�2�/ �/�B�z�2�`�2�M�+�2 �r�B�i�? �i�?�2 �i���`�;�2�i �2�t�T�Q�b�m�`�2�X

�9�X�j�X�R�X�k�*���m�b�2 �k �U#�A�����- #�A�6�.� �-#�A�6�.� �-#�A�A�@�6�V

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

�1�t���K�T�H�2�U�A�����V�X�6�Q�#̀�A�����- �B�M ���M �B�/�2���H �2�z�2�+�i�B�p�2�M�2�b�b�@�#���b�2�/ �`���M�F�B�M�;�- �`�2�H�2�p���M�+�2 ���M�/
�2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �K���v �/�2�+�`�2���b�2 ���i �/�B�z�2�`�2�M�i �`���i�2�b �/�Q�r�M �i�?�2 �`���M�F�X �h�?�B�b �+���m�b�2�b �i�?�2 �7���B�`�2�b�i
�b�+�Q�`�2 �i�Q �#�2 �m�M�`�2���+�?���#�H�2�- ���b �i�?�2 �K�B�M�B�K�m�K �b�+�Q�`�2 �+���M�M�Q�i �#�2 ���+�?�B�2�p�2�/ �B�7 �i�?�2 �M�Q�`�K���H�B�b�2�/
�`�2�H�2�p���M�+�2 �p���H�m�2 �/�Q�2�b �M�Q�i �/�2�+�`�2���b�2 ���i �i�?�2 �b���K�2 �`���i�2 ���b �i�?�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M
�/�Q�r�M �i�?�2 �`���M�F�b�X �6�Q�` �2�t���K�T�H�2�- �7�Q�`k = 2; n = 4�- ���b�b�m�K�2 �� �m�b�2�`�ö�b �7�m�H�H �U�m�M�i�`�m�M�+���i�2�/�V
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �r�B�i�? �M�Q�`�K���H�B�b�2�/ �`�2�H�2�p���M�+�2 �p���H�m�2�b �Q�7[1; 0:8; 0; 0]�- ���M�/ �i�?�2 �H�B�b�i �Q�7
�M�Q�`�K���H�B�b�2�/ �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b �;�B�p�2�M �#�v �i�?�2 �H�B�M�2���` �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M[1; 0; 0; 0]�X �h�?�2
�i�r�Q �2�t�T�Q�b�2�/ �B�i�2�K�b ���`�2 �r�B�i�? �i�?�2 �?�B�;�?�2�b�i �`�2�H�2�p���M�+�2 ���K�Q�M�; �i�?�2 �9 �B�i�2�K�b�- �#�m�i �A�����Q�`�B(u) =
0:8
4 = 0:2 > 0 �2�p�2�M �i�?�Q�m�;�? �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b ���`�2 �K���/�2 ���b �7���B�` ���b �T�Q�b�b�B�#�H�2�X �h�?�2

�B�b�b�m�2 �T�2�`�b�B�b�i�b �r�?�2�M �2�t�i�2�M�/�B�M�; �i�?�B�b �i�Q �� �K�m�H�i�B�@�`�Q�m�M�/ �b�+�2�M���`�B�Q �UW > 1�V�X �A�M �i�?�2 �T�`�2�p�B�Q�m�b
�2�t���K�T�H�2�- �i�?�2 �7���B�`�2�b�i �A����(u) �`�2�K���B�M�b �y�X�k �7�Q�` ���M�vW�- ���b �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �B�b
���H�`�2���/�v �Q�`�/�2�`�2�/ �#�v �/�2�+�`�2���b�B�M�; �`�2�H�2�p���M�+�2�- ���b�b�m�K�B�M�; �i�?�2 �`�2�H�2�p���M�+�2ru;i;w �7�Q�` �� �b�T�2�+�B�}�+
�m�b�2�`�@�B�i�2�K �T���B�` �b�i���v�b �+�Q�M�b�i���M�i �i�?�`�Q�m�;�?�Q�m�i �/�B�z�2�`�2�M�i �`�Q�m�M�/�b�X �a�B�K�B�H���`�H�v�- �i�?�2 �K�Q�b�i �m�M�7���B�`
�b�+�Q�`�2 �+���M�M�Q�i �#�2 ���+�?�B�2�p�2�/ �B�7 �i�?�2 �M�Q�`�K���H�B�b�2�/ �`�2�H�2�p���M�+�2 �p���H�m�2 �/�Q�2�b �M�Q�i �/�2�+�`�2���b�2 ���i �i�?�2
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�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�b���K�2 �`���i�2 ���b �i�?�2 �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�X �A�M �i�?�B�b �+���b�2�- �i�?�2 �K���t�B�K�m�K �A���� �B�b �Q�M�H�v �y�X�d �B�M�b�i�2���/
�Q�7 �R�X�e

�1�t���K�T�H�2�U�A�6�.�V�X#�A�6�.� ���M�/#�A�6�.� �K���v �M�2�B�i�?�2�` �`�2���+�? �i�?�2 �7���B�`�2�b�i �b�+�Q�`�2 �Q�7 �y �M�Q�` �i�?�2
�m�M�7���B�`�2�b�i �b�+�Q�`�2 �Q�7 �R�X �l�M�/�2�` �� �#�B�M���`�v �`�2�H�2�p���M�+�2 �b�+�2�M���`�B�Q�- �7�Q�`k = n = 10�- �+�Q�M�b�B�/�2�`�B�M�; ���H�H
�T�Q�b�b�B�#�H�2 �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i ���M�/ �B�i�2�K �`�2�H�2�p���M�+�2 �p���H�m�2�b�- �i�?�2 �7���B�`�2�b�i
#�A�6�.� (u) �B�b �y�X�y�y�j�- �r�?�B�H�2 �i�?�2 �m�M�7���B�`�2�b�i �B�b �y�X�R�8�3�X�d �a�B�K�B�H���`�H�v�- �i�?�2 �7���B�`�2�b�i#�A�6�.� (u)
�+���M �Q�M�H�v �#�2 �y�X�y�R�e�d ���M�/ �i�?�2 �m�M�7���B�`�2�b�i �B�b ���i �K�Q�b�i �y�X�k�e�8�X �6�Q�` �M�Q�M�@�#�B�M���`�v �`�2�H�2�p���M�+�2�-
�b�m�T�T�Q�b�2ru;i 2 f 0; 0:5; 1g�-#�A�6�.� (u) �+���M �Q�M�H�v �#�2 �y �r�?�2�M �i�?�2�`�2 ���`�2 �2�t���+�i�H�v �i�r�Q �B�i�2�K�b
�r�B�i�? �M�Q�M�x�2�`�Q �`�2�H�2�p���M�+�2�X �P�i�?�2�`�r�B�b�2�- �B�i�b �K�B�M�B�K�m�K �B�b �y�X�y�y�e�- ���M�/ �B�i�b �K���t�B�K�m�K �B�b �y�X�9�k�3�X
�l�M�/�2�` �i�?�2 �b���K�2 �b�2�i�i�B�M�;�-#�A�6�.� (u) �B�b �#�Q�m�M�/�2�/ �#�2�i�r�2�2�M �y�X�y�y�9 ���M�/ �y�X�k�e�8�X �6�Q�` �b�B�K�B�H���`
�`�2���b�Q�M�b�- �i�?�2�b�2 �B�b�b�m�2�b �r�Q�m�H�/ ���H�b�Q �2�t�i�2�M�/ �i�Q �K�m�H�i�B�@�`�Q�m�M�/ �b�+�2�M���`�B�Q�b�- �2�p�2�M �i�?�Q�m�;�? �i�?�2
�H�Q�r�2�`�f�m�T�T�2�` �#�Q�m�M�/�b �K���v �+�?���M�;�2 �U�B�X�2�X�- �B�i �K���v �#�2 �T�Q�b�b�B�#�H�2 �i�Q �Q�#�i���B�M ���M �U�m�M�V�7���B�`�2�`
�b�+�Q�`�2 �i�?���M �r�B�i�? �b�B�M�;�H�2 �`�Q�m�M�/�b�V�X

�1�t���K�T�H�2�U�A�A�@�6 ���M�/ ���A�@�6�V�X�h�?�2 �m�M�7���B�`�2�b�i ���M�/ �7���B�`�2�b�i#�A�A�@�6 �b�+�Q�`�2 �K���v �M�Q�i �#�2 ���+�?�B�2�p���#�H�2
�2�B�i�?�2�`�X �6�Q�` �B�M�b�i���M�+�2�- �;�B�p�2�Mk = m = 2; n = 3�- �7�Q�` ���H�H �T�Q�b�b�B�#�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�b
���M�/ �B�i�2�K �`�2�H�2�p���M�+�2 �p���H�m�2�b �U�+�Q�M�b�B�/�2�`�B�M�; �Q�M�H�v �#�B�M���`�v �`�2�H�2�p���M�+�2�V�- �i�?�2 �K���t�B�K�m�K#�A�A�@�6 �B�b
�Q�M�H�v �y�X�3�3 �U�Q�#�i���B�M�2�/ �i�?�`�Q�m�;�? �`�2�+�Q�K�K�2�M�/�B�M�; ���H�H �`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �i�Q�T�@k�V�- �r�?�B�H�2 �B�i�b
�K�B�M�B�K�m�K �B�b �y�X�y�y�d �U�Q�#�i���B�M�2�/ �i�?�`�Q�m�;�? �`�2�+�Q�K�K�2�M�/�B�M�; ���H�H �B�`�`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �i�Q�T�@k�V�X
�q�2 ���H�b�Q �2�M�m�K�2�`���i�2 ���H�H �T�Q�b�b�B�#�B�H�B�i�B�2�b �7�Q�` �i�r�Q ���M�/ �i�?�`�2�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �`�Q�m�M�/�b�X �h�?�2
�K�B�M�B�K�m�K �A�A�@�6 �+���M �#�2 �y ���+�`�Q�b�b �i�r�Q �`�Q�m�M�/�b�- �#�m�i �B�i �B�b �b�i�B�H�H �M�Q�i �2�t���+�i�H�v �y�- �U�B�X�2�X�- �y�X�y�y�y�d�V �B�7
�i�?�2�`�2 ���`�2 �i�?�`�2�2 �`�Q�m�M�/�b�X �>�Q�r�2�p�2�`�- �i�?�2 �K���t�B�K�m�K �A�A�@�6 �r�B�H�H �b�i�B�H�H �#�2 �y�X�3�3 �B�M �2�B�i�?�2�` �+���b�2�-
�7�Q�` �i�?�2 �b���K�2 �`�2���b�Q�M ���b �r�2 �2�t�T�H���B�M �7�Q�` ���A�@�6 �B�M ���9�X�j�X�R�X�R�X �>�2�M�+�2�- �2�p�2�M �B�M �K�m�H�i�B�@�`�Q�m�M�/
�b�+�2�M���`�B�Q�b�- �i�?�2 �i�?�2�Q�`�2�i�B�+���H �K���t�f�K�B�M �A�A�@�6 �b�+�Q�`�2 �K���v �M�Q�i �#�2 ���+�?�B�2�p���#�H�2�X

�9�X�j�X�k�G�B�K�B�i���i�B�Q�M �k�, �L�Q�M�@�H�Q�+���H�B�b���i�B�Q�M �U#�A�����- #�A�6�.� �- #�>�.�-
" �A�"�P�f#�A�q�P�-#�A�A�@�6�-#���A�@�6�V

�h�?�2 �M�Q�M�@�H�Q�+���H�B�b���i�B�Q�M �H�B�K�B�i���i�B�Q�M �B�b �#���b�2�/ �Q�M �i�?�2 �H�Q�+���H�B�b���i�B�Q�M �T�`�Q�T�2�`�i�v �Q�7 �2�z�2�+�i�B�p�2�M�2�b�b
�K�2���b�m�`�2�b �B�M �A�M�7�Q�`�K���i�B�Q�M �_�2�i�`�B�2�p���H �U�A�_�V �(�R�8�j�)�X �h�?�2 �H�Q�+���H�B�b���i�B�Q�M �T�`�Q�T�2�`�i�v �B�b �/�2�}�M�2�/ ���b
�ó�� �b�+�Q�`�2 ���i �/�2�T�i�?k �+���M �#�2 �+�Q�K�T�m�i�2�/ �#���b�2�/ �b�Q�H�2�H�v �Q�M �F�M�Q�r�H�2�/�;�2 �Q�7 �i�?�2 �/�Q�+�m�K�2�M�i�b
�i�?���i ���T�T�2���` �B�M �i�?�2 �i�Q�T�@k�ô �(�R�8�j�)�X �q�2 �`�2�/�2�}�M�2 �i�?�2 �T�`�Q�T�2�`�i�v ���b �� �K�2���b�m�`�2 �H�B�K�B�i���i�B�Q�M �B�M
�_�a�b�- �r�?�2�`�2 �i�?�2 �K�2���b�m�`�2 �`�2�[�m�B�`�2�b �B�i�2�K �`�2�H�2�p���M�+�2 �B�M�7�Q�`�K���i�B�Q�M �U�2�X�;�X�- �r�?�2�i�?�2�` �i�?�2 �B�i�2�K
�B�b �`�2�H�2�p���M�i �i�Q �i�?�2 �m�b�2�`�- �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �`�2�H�2�p���M�i �B�i�2�K�b�V �#�2�v�Q�M�/ �i�?�2 �i�Q�T�@k�X �q�?�B�H�2

�e�P�#�i���B�M�2�/ �#�v �?���p�B�M�; �� �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �r�B�i�? �M�Q�M�@�/�2�+�`�2���b�B�M�; �M�Q�`�K���H�B�b�2�/ �`�2�H�2�p���M�+�2 �p���H�m�2�b�-
�B�X�2�-[0; 0; 0:8; 1]�X

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

�R�j�3



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�i�?�B�b �K���v �#�2 �� �/�2�H�B�#�2�`���i�2 �/�2�b�B�;�M �+�?�Q�B�+�2�- �B�i �B�b �b�i�B�H�H �� �H�B�K�B�i���i�B�Q�M�- ���b �?���p�B�M�; ���/�/�B�i�B�Q�M���H
�`�2�H�2�p���M�i �B�i�2�K�b �#�2�v�Q�M�/ �i�?�2 �i�Q�T�@k �K���v �+���m�b�2 �i�?�2 �K�2���b�m�`�2 �b�+�Q�`�2 �i�Q ���T�T�2���` �7���B�`�2�` �i�?���M �B�7
�i�?�2�`�2 ���`�2 �M�Q ���/�/�B�i�B�Q�M���H �`�2�H�2�p���M�i �B�i�2�K�b�X �A�M �T�`���+�i�B�+�2�- �i�?�B�b �K���v �H�2���/ �i�Q �Q�p�2�`�2�b�i�B�K���i�B�Q�M �Q�7
�7���B�`�M�2�b�b�- ���M�/ �B�M�b�i���#�B�H�B�i�v �B�M �i�?�2 �2�p���H�m���i�B�Q�M �`�2�b�m�H�i�b�X �a�B�M�+�2 �K�Q�b�i �_�a �/���i���b�2�i�b ���`�2 �?�B�;�?�H�v
�b�T���`�b�2�- �r�B�i�? �Q�M�H�v �� �7�2�r �`�2�H�2�p���M�i �B�i�2�K�b �T�2�` �m�b�2�`�- �i�?�2�B�` �7���B�`�M�2�b�b �2�p���H�m���i�B�Q�M �+���M ���H�b�Q �#�2
���z�2�+�i�2�/ �#�v �i�?�B�b �H�B�K�B�i���i�B�Q�M�X

�q�2 �2�t�T�H���B�M �i�?�2 �H�B�K�B�i���i�B�Q�M �i�?�`�Q�m�;�? ���M �2�t���K�T�H�2�X �a�m�T�T�Q�b�2 �i�?���i �;�B�p�2�Mk = 2; n = 5�- ��
�m�b�2�`�ö�b �7�m�H�H �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�iLn

u �?���b �i�?�2 �M�Q�`�K���H�B�b�2�/ �`�2�H�2�p���M�+�2 �p���H�m�2�b �Q�7[1; 1; ?; ?; ?]�-
�r�?�2�`�2 �� �õ?�ö �`�2�T�`�2�b�2�M�i�b �m�M�F�M�Q�r�M �`�2�H�2�p���M�+�2�- ���M�/ �i�?�2 �H�B�b�i �Q�7 �M�Q�`�K���H�B�b�2�/ �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b
�;�B�p�2�M �#�v �i�?�2 �H�B�M�2���` �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M �B�b[1; 0; 0; 0; 0]�X �h�?�2 �`�2�H�2�p���M�+�2 �Q�7 ���M �B�i�2�K
�K���v �#�2 �m�M�F�M�Q�r�M �/�m�2 �i�Q�- �7�Q�` �2�t���K�T�H�2�- �i�?�2 �B�i�2�K �M�Q�i �#�2�B�M�; �b�?�Q�r�M �i�Q �i�?�2 �m�b�2�` �Q�` �i�?�2
�B�i�2�K �#�2�B�M�; �b�?�Q�r�M �i�Q �i�?�2 �m�b�2�` �#�m�i �M�Q�i �`���i�2�/�f�B�M�i�2�`���+�i�2�/ �r�B�i�?�X �q�2 �`�2�7�2�` �i�Q �B�i�2�K�b �r�B�i�?
�m�M�F�M�Q�r�M �`�2�H�2�p���M�+�2 ���b �m�M�Q�#�b�2�`�p�2�/ �B�i�2�K�b �?�2�M�+�2�7�Q�`�i�?�X �6�Q�H�H�Q�r�B�M�; �i�?�2 �+�Q�M�p�2�M�i�B�Q�M �B�M �A�_
�2�p���H�m���i�B�Q�M �(�R�8�9�)�- �m�M�Q�#�b�2�`�p�2�/ �B�i�2�K�b ���`�2 �m�b�m���H�H�v �`�2�;���`�/�2�/ �+�Q�M�b�2�`�p���i�B�p�2�H�v ���b �B�`�`�2�H�2�p���M�i�X
�A�M �i�?�B�b �+���b�2�-#�A����(u) = 0 :2�X �>�Q�r�2�p�2�`�- �B�7 ���H�H �m�M�Q�#�b�2�`�p�2�/ �B�i�2�K�b ���`�2 ���+�i�m���H�H�v �`�2�H�2�p���M�i
�B�M�b�i�2���/�-#�A����(u) �r�Q�m�H�/ �#�2 �y�X�3�- ���M�/ �i�?�m�b �i�?�2 �/�B�z�2�`�2�M�+�2 �7�`�Q�K �i�?�2 ���+�i�m���H �b�+�Q�`�2 �B�b �y�X�e�X�3

�*�Q�M�b�B�/�2�`�B�M�; �i�?���i �A���� �`���M�;�2�b �B�M[0; 1]�- �i�?�2 �H���`�;�2 �/�B�z�2�`�2�M�+�2 �B�b �r�Q�`�`�v�B�M�;�- ���b �� �b�+�Q�`�2 �Q�7
�y�X�3 �+�Q�m�H�/ �#�2 �B�M�i�2�`�T�`�2�i�2�/ ���b �?�B�;�?�H�v �m�M�7���B�`�- �r�?�B�H�2 �y�X�k �B�b �`���i�?�2�` �7���B�`�X �1�p�2�M �B�7 �i�?�2�`�2 �B�b
�Q�M�H�v �Q�M�2 �m�M�Q�#�b�2�`�p�2�/ �B�i�2�K�- �i�?�2 �/�B�z�2�`�2�M�+�2 �B�M �A���� �#���b�2�/ �Q�M �i�?�2 �i�r�Q �r���v�b �Q�7 �i�`�2���i�B�M�;
�i�?�2 �m�M�Q�#�b�2�`�p�2�/ �B�i�2�K�b �r�Q�m�H�/ �#�2 �y�X�k�- �� �M�Q�M�@�M�2�;�H�B�;�B�#�H�2 �/�B�z�2�`�2�M�+�2�X

�l�b�B�M�; �i�?�2 �b���K�2 �2�t���K�T�H�2 ���b �i�?�2 �Q�M�2 �m�b�2�/ �7�Q�` �A�����- �r�2 �b�?�Q�r �i�?���i �A�6�.� (u) ���H�b�Q
�b�m�z�2�`�b �7�`�Q�K �i�?�2 �b���K�2 �H�B�K�B�i���i�B�Q�M�X �q�?�2�M ���H�H �m�M�Q�#�b�2�`�p�2�/ �B�i�2�K�b ���`�2 �`�2�;���`�/�2�/ ���b �B�`�`�2�H�2�@
�p���M�i�-#�A�6�.� (u) = 0 :092�X �h�?�2 �Q�T�T�Q�b�B�i�2 �i�`�2���i�K�2�M�i �r�B�H�H �`�2�b�m�H�i �B�M �� �?�B�;�?�2�`#�A�6�.� (u)�-
�B�X�2�X�- �y�X�R�R�9�X �q�Q�`�b�2�- �?���p�B�M�; �Q�M�H�v �Q�M�2 ���/�/�B�i�B�Q�M���H �`�2�H�2�p���M�i �B�i�2�K �+���M �+���m�b�2 ���M �2�p�2�M �?�B�;�?�2�`
�/�B�z�2�`�2�M�+�2 �B�M �i�?�2 �A�6�.� (u) �b�+�Q�`�2�b�X �A�7 �i�?�2 ���/�/�B�i�B�Q�M���H �`�2�H�2�p���M�i �B�i�2�K �B�b ���i �T�Q�b�B�i�B�Q�Mn�- �2�X�;�X�-
[1; 1; 0; 0; 1]�-#�A�6�.� (u) = 0 :136�X

�A�"�P�- �A�q�P�- �A�A�@�6�- ���A�@�6�- ���M�/ �>�. ���H�b�Q �b�m�z�2�` �7�`�Q�K �M�Q�M�@�H�Q�+���H�B�b���i�B�Q�M�X �A�i�2�K �`�2�H�2�p���M�+�2
�B�M�7�Q�`�K���i�B�Q�M �Q�7 ���H�H �m�b�2�`�@�B�i�2�K �T���B�`�b �B�b �`�2�[�m�B�`�2�/ �i�Q �+�Q�K�T�m�i�2 �1�[�X �U�9�X�k�y�V �7�Q�` �A�"�P�f�A�q�P
���M�/ �i�Q �+�Q�K�T�m�i�2 �1�[�X �U�9�X�k�j�V �7�Q�` �A�A�@�6�f���A�@�6�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �>�. �i�2�+�?�M�B�+���H�H�v �`�2�[�m�B�`�2�b
�Q�M�H�v �i�?�2 �i�Q�T�@k �B�i�2�K�b �r�B�i�? �i�?�2 �?�B�;�?�2�b�i �;�`�Q�m�M�/ �i�`�m�i�? �`�2�H�2�p���M�+�2 �T�2�` �m�b�2�` �U�1�[�X �U�9�X�R�y�V�V�X
�>�Q�r�2�p�2�`�- �Q�#�i���B�M�B�M�; �i�?�B�b �H�B�b�i �Q�7 �B�i�2�K�b �`�2�[�m�B�`�2�b �U�T���`�i�B���H�H�v�V �b�Q�`�i�B�M�; �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�?
�`�2�H�2�p���M�+�2 �Q�7 ���H�H �B�i�2�K�b�- �`�2�;���`�/�H�2�b�b �Q�7 �i�?�2�B�` �T�Q�b�B�i�B�Q�M �B�M �i�?�2 �T�`�2�/�B�+�i�2�/ �`���M�F�B�M�;�X

�9�X�j�X�j�G�B�K�B�i���i�B�Q�M �j�, �l�M�/�2�}�M�2�/�M�2�b�b �U�A�����- �A�"�P�f�A�q�P�V

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

�3�h�?�B�b �/�B�z�2�`�2�M�+�2 �B�b �i�?�2 �b���K�2 ���b �õ�`�2�b�B�/�m���H�ö �B�M�J�Q�z���i ���M�/ �w�Q�#�2�H�(�R�8�9�)�X

�R�j�N



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�M�2�+�2�b�b���`�B�H�v ���M �2�/�;�2 �+���b�2�V �(�R�d�d�)�X �A�M �#�Q�i�? �A���� ���M�/ �A�"�P�f�A�q�P�- �i�?�B�b �?���T�T�2�M�b �/�m�2 �i�Q
�/�B�p�B�b�B�Q�M �#�v �x�2�`�Q�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �7���B�`�M�2�b�b �+���M�M�Q�i �#�2 �2�p���H�m���i�2�/ ���b �i�?�2 �K�2���b�m�`�2 �/�Q�2�b �M�Q�i
�v�B�2�H�/ ���M�v �b�+�Q�`�2�b�X

�6�Q�` �A�����- �r�?�2�Mk = 1�- �i�?�2 �/�2�M�Q�K�B�M���i�Q�` �Q�7 �i�?�2 �H�B�M�2���` �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M
~e�H�B(u; i; w) �B�b0�X �h�?�2 �+�?�Q�B�+�2 �Q�7k = 1 �+���M �#�2 �b�2�2�M �Q�M �K�Q�#�B�H�2 �T�?�Q�M�2 ���T�T�H�B�+���i�B�Q�M�b�-
�r�?�2�`�2 �i�?�2�`�2 �B�b �H�B�K�B�i�2�/ �b�+�`�2�2�M �b�T���+�2 ���M�/ �i�?�m�b �Q�M�H�v �i�?�2 �i�Q�T �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �T�`�2�@
�b�2�M�i�2�/ �i�Q �m�b�2�`�b �(�R�N�-�9�R�) �Q�` �B�M �+�Q�M�p�2�`�b���i�B�Q�M���H �_�a�b �(�R�9�R�)�X �6�Q�` �A�"�P�f�A�q�P�- �� �/�B�p�B�b�B�Q�M �#�v
�x�2�`�Q �Q�+�+�m�`�b �r�?�2�MImp unif

i = 0�X �h�?�B�b �?���T�T�2�M�b �r�?�2�M �B�i�2�Ki �B�b �M�Q�i �`�2�H�2�p���M�i �7�Q�` ���M�v
�m�b�2�`�b �U�b�2�2 �1�[�X �U�9�X�k�y�V�V�X

�L�Q�i�2 �i�?���i �A�6�.� �?���b �#�2�2�M �b�i���i�2�/ �i�Q �?���p�2 �i�?�2 �x�2�`�Q �/�2�M�Q�K�B�M���i�Q�` �T�`�Q�#�H�2�K �r�?�2�M
�2�M�+�Q�m�M�i�2�`�B�M�; �B�`�`�2�H�2�p���M�i �B�i�2�K�b �r�B�i�?ru;i = 0 �U�1�[�X �U�9�X�e�V�V �(�R�e�R�-�k�9�k�)�- �#�m�i �i�?�B�b �B�b ���+�i�m���H�H�v
�7���H�b�2�X �h�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2 �(�k�y�8�) �Q�M�H�v �+�Q�K�T�m�i�2�b �7���B�`�M�2�b�b �#���b�2�/ �Q�M �`�2�H�2�p���M�i �B�i�2�K�b�X
�>�2�M�+�2�- �A�6�.� �/�Q�2�b �M�Q�i �b�m�z�2�` �7�`�Q�K �i�?�2 �m�M�/�2�}�M�2�/�M�2�b�b �H�B�K�B�i���i�B�Q�M�X

�q�2 �2�t�+�H�m�/�2 �i�?�2 �i�`�B�p�B���H�- �m�M�`�2���H�B�b�i�B�+ �+���b�2�b �r�?�2�`�2 �i�?�2�`�2 ���`�2 �M�Q �m�b�2�`�b �Um = 0�V �Q�` �M�Q
�B�i�2�K�b �Un = 0�V �7�Q�` �i�?�B�b �H�B�K�B�i���i�B�Q�M�- ���b �2�p���H�m���i�B�M�; �7���B�`�M�2�b�b �U�Q�` ���M�v �Q�i�?�2�` �/�B�K�2�M�b�B�Q�M�b�V
�m�M�/�2�` �i�?�2�b�2 �b�+�2�M���`�B�Q�b �/�Q�2�b �M�Q�i �K���F�2 �b�2�M�b�2�X �A�M ���/�/�B�i�B�Q�M�- �r�2 �B�/�2�M�i�B�7�v �i�?�2 �7�Q�H�H�Q�r�B�M�;
�Q�i�?�2�` �+���b�2�b �i�?���i �+���m�b�2 �� �K�2���b�m�`�2 �i�Q �#�2 �m�M�/�2�}�M�2�/�X �A�6�.� �B�b �m�M�/�2�}�M�2�/ �r�?�2�Mn < 2�-
���b �B�i �B�b �� �T���B�`�r�B�b�2 �K�2���b�m�`�2�X �A�6�.� �B�b �m�M�/�2�}�M�2�/ �B�7 �i�?�2�`�2 �B�b �M�Q �`�2�H�2�p���M�i �B�i�2�K �7�Q�` �� �m�b�2�`
�U�#���b�2�/ �Q�M �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�?�V ���b �i�?�2 �/�B�p�B�b�Q�` �B�M �1�[�X �U�9�X�9�V �r�B�H�H �#�2 �x�2�`�Q�X�N �a�B�K�B�H���`�H�v�- �>�.
�`�2�[�m�B�`�2�b ���i �H�2���b�i �Q�M�2 �`�2�H�2�p���M�i �B�i�2�K �T�2�` �m�b�2�`�- �Q�i�?�2�`�r�B�b�2�- �i�?�2 �/�B�p�B�b�Q�` �B�M �1�[�X �U�9�X�R�y�V �r�B�H�H �#�2
�x�2�`�Q�X �>�Q�r�2�p�2�`�- �r�2 �/�Q �M�Q�i �+�Q�M�b�B�/�2�` �i�?�2�b�2 �K�2���b�m�`�2�b �i�Q �b�m�z�2�` �7�`�Q�K �i�?�2 �m�M�/�2�}�M�2�/�M�2�b�b
�H�B�K�B�i���i�B�Q�M �7�Q�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2���b�Q�M�b�X �A�6�.� �/�Q�2�b �M�Q�i �b�m�z�2�` �7�`�Q�K �m�M�/�2�}�M�2�/�M�2�b�b �7�Q�`
n < 2 ���b �2�p���H�m���i�B�M�; �B�i�2�K �7���B�`�M�2�b�b �r�?�2�M �i�?�2�`�2 �B�b �Q�M�H�v �Q�M�2 �B�i�2�K �/�Q�2�b �M�Q�i �K���F�2 �b�2�M�b�2
���b �Q�M�H�v �Q�M�2 �B�i�2�K �+���M �#�2 �`�2�+�Q�K�K�2�M�/�2�/ �i�Q ���M�v �m�b�2�`�b�X �A�6�.� ���M�/ �>�. ���H�b�Q �/�Q �M�Q�i �b�m�z�2�`
�7�`�Q�K �m�M�/�2�}�M�2�/�M�2�b�b �7�Q�` �m�b�2�`�b �r�B�i�? �x�2�`�Q �`�2�H�2�p���M�i �B�i�2�K�b�- ���b �b�m�+�? �m�b�2�`�b ���`�2 �;�2�M�2�`���H�H�v �M�Q�i
�B�M�+�H�m�/�2�/ �B�M �i�?�2 �2�p���H�m���i�B�Q�M�- �r�?�B�+�? �B�b ���H�b�Q �i�?�2 �+���b�2 �r�?�2�M �2�p���H�m���i�B�M�; �2�z�2�+�i�B�p�2�M�2�b�b �7�Q�`
�_�a�b�X

�9�X�j�X�9�G�B�K�B�i���i�B�Q�M �9�, �w�2�`�Q�@�2�t�T�Q�b�m�`�2 �U#�A�����V

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

�6�Q�#̀�A�����- �B�M �1�[�X �U�9�X�R�V�-~e�H�B(u; i; w) = 0 �7�Q�` ���M �U�2�t�T�Q�b�2�/�V �B�i�2�K ���i �T�Q�b�B�i�B�Q�Mk�X �h�?�2
�x�2�`�Q �p���H�m�2 �B�b �/�m�2 �i�Q �K�B�M�@�K���t �M�Q�`�K���H�B�b���i�B�Q�M �i�?���i �`�2�@�b�+���H�2�b ���H�H �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b �Q�7

�N�h�?�B�b �B�b �`�2�H���i�2�/ �i�Q �i�?�2 �+�Q�K�T�H�2�i�2�M�2�b�b �T�`�Q�T�2�`�i�v �(�R�8�j�)�X

�R�9�y



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�i�?�2 �i�Q�T�@k �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �r�B�i�?�B�M[0; 1]�X �>�Q�r�2�p�2�`�- ���M �B�i�2�K ���ik �B�b �b�i�B�H�H �2�t�T�Q�b�2�/�c
�r�2�B�;�?�B�M�; �i�?�2 �B�i�2�K �r�B�i�? �� �M�Q�M�x�2�`�Q �2�t�T�Q�b�m�`�2 �p���H�m�2 �K���F�2�b �K�Q�`�2 �b�2�M�b�2�- �i�Q �/�B�b�i�B�M�;�m�B�b�? �B�i�b
�r�2�B�;�?�i �7�`�Q�K �i�?�2 �m�M�2�t�T�Q�b�2�/ �B�i�2�K ���i �T�Q�b�B�i�B�Q�Mk+1�X �A�M �T�`���+�i�B�+�2�- ���b�b�B�;�M�B�M�; �x�2�`�Q �2�t�T�Q�b�m�`�2
�r�2�B�;�?�i �7�Q�` ���M �B�i�2�K ���i �T�Q�b�B�i�B�Q�Mk �K���v �`�2�b�m�H�i �B�M ���M �m�M�/�2�`�2�b�i�B�K���i�B�Q�M �Q�7 �7���B�`�M�2�b�b �B�7 �i�?�2
�B�i�2�K �B�b �`�2�H�2�p���M�i ���M�/ �p�B�+�2 �p�2�`�b���X �6�Q�` �2�t���K�T�H�2�- �B�7 ���M �B�i�2�K ���ik = 10 �?���b �� �`�2�H�2�p���M�+�2
�p���H�m�2 �Q�7 �R�- �?���p�B�M�; �� �T�Q�b�B�i�B�p�2 �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �U�2�X�;�X�- �y�X�R�V ���i �i�?���i �T�Q�b�B�i�B�Q�M �r�Q�m�H�/ �`�2�b�m�H�i
�B�M �� �y�X�N �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �B�i�2�K �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i ���M�/ �i�?�2 �B�i�2�K �`�2�H�2�p���M�+�2�X �A�7 �i�?�2
�2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �B�b �y �B�M�b�i�2���/�- �i�?�2 �/�B�z�2�`�2�M�+�2 �r�Q�m�H�/ �#�2 �H���`�;�2�` �U�B�X�2�X�- �R�V�X �A�M �i�?�B�b �+���b�2�- �i�?�2
#�A���� �b�+�Q�`�2 �B�b �?�B�;�?�2�` �U�K�Q�`�2 �m�M�7���B�`�V �i�?���M �B�i �b�?�Q�m�H�/ �#�2�X

�9�X�j�X�8�G�B�K�B�i���i�B�Q�M �8�, �h�Q�T�@k�@�B�M�b�2�M�b�B�i�B�p�B�i�v �U#�A�6�.� �V

�q�2 �/�2�}�M�2 �i�?�2 �H�B�K�B�i���i�B�Q�M �Q�7 �i�Q�T�@k�@�B�M�b�2�M�b�B�i�B�p�B�i�v ���b �i�?�2 �K�2���b�m�`�2�ö�b �B�M���#�B�H�B�i�v �i�Q �`�2�b�T�Q�M�/
�i�Q �i�?�2 �+�?���M�;�2 �B�M �+�m�i�@�Q�zk�X �h�?�B�b �K�2���M�b �i�?���i �;�B�p�2�M �� �b�2�i �Q�7 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b ���+�`�Q�b�b
�m�b�2�`�b�- �i�?�2 �7���B�`�M�2�b�b �b�+�Q�`�2 �r�Q�m�H�/ �`�2�K���B�M �i�?�2 �b���K�2 �;�B�p�2�M ���M�v �p���H�m�2�b �Q�7k�X �� �K�2���b�m�`�2
�i�?���i �+���M�M�Q�i �`�2�~�2�+�i �� �+�?���M�;�2 �B�M �7���B�`�M�2�b�b �H�2�p�2�H �;�B�p�2�M �� �/�B�z�2�`�2�M�ik �B�b �M�Q�i �B�/�2���H�- ���b �`�2�+�Q�K�@
�K�2�M�/���i�B�Q�M�b ���`�2 �+�Q�K�K�Q�M�H�v �2�p���H�m���i�2�/ �7�Q�` �#�Q�i�? �2�z�2�+�i�B�p�2�M�2�b�b ���M�/ �7���B�`�M�2�b�b ���i �/�B�z�2�`�2�M�i
�+�m�i�@�Q�z�b�X �h�?�B�b �H�B�K�B�i���i�B�Q�M �+���M ���H�b�Q �#�2 �b�2�2�M ���b �i�?�2 �B�M�p�2�`�b�2 �Q�7 �i�?�2 �x�2�`�Q�@�2�t�T�Q�b�m�`�2 �H�B�K�@
�B�i���i�B�Q�M�- �B�M �i�?�2 �b�2�M�b�2 �i�?���i �� �M�Q�M�x�2�`�Q �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �B�b ���b�b�B�;�M�2�/ �i�Q ���M �m�M�2�t�T�Q�b�2�/
�B�i�2�K�X

�A�6�.� �b�m�z�2�`�b �7�`�Q�K �i�?�B�b �H�B�K�B�i���i�B�Q�M ���b �1�[�X �U�9�X�e�V �/�Q�2�b �M�Q�i �B�M�+�Q�`�T�Q�`���i�2 �i�?�2 �7�m�M�+�i�B�Q�M
1L u;w (i )�- �r�?�B�+�? �B�M�/�B�+���i�2�b �r�?�2�i�?�2�` �B�i�2�Ki �B�b �`�2�+�Q�K�K�2�M�/�2�/ ���i �i�Q�T�@k�X �*�Q�M�b�2�[�m�2�M�i�H�v�-
�B�i�2�K�b ���i �T�Q�b�B�i�B�Q�Mk + 1 ���M�/ �#�2�v�Q�M�/ ���`�2 ���b�b�B�;�M�2�/ �M�Q�M�x�2�`�Q �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b�- �r�?�B�+�?
�B�b �m�M�B�M�i�m�B�i�B�p�2�X �6�Q�` �2�t���K�T�H�2�- �;�B�p�2�Mn = 3�- �b�m�T�T�Q�b�2 �� �m�b�2�`u�ö�b �7�m�H�H �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�H�B�b�i�-Ln

u �?���b �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�H�2�p���M�+�2 �p���H�m�2�b[0; 1; 1]�X �h�?�2 �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b �7�Q�` �i�?�2
�i�?�`�2�2 �B�i�2�K�b �#���b�2�/ �Q�Me�.�*�: ���`�2[1; 0:631; 0:500]�X �A�M �i�?�B�b �+���b�2�- �;�B�p�2�M ���M�vk 2 f 1; 2; 3g�-
#�A�6�.� = 0:033�X �u�2�i�- �r�2 �K���v �Q�#�i���B�M �� �/�B�z�2�`�2�M�i �A�6�.� �b�+�Q�`�2 �B�7 �r�2 ���b�b�B�;�M �x�2�`�Q �2�t�T�Q�b�m�`�2
�r�2�B�;�?�i�b �i�Q �i�?�2 �m�M�2�t�T�Q�b�2�/ �B�i�2�K�b�X �a�m�T�T�Q�b�2k = 2�- �i�?�2 �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b �b�?�Q�m�H�/ �?���p�2
�#�2�2�M[1; 0:631; 0] �B�M�b�i�2���/ ���M�/#�A�6�.� = 0:158�- �r�?�B�+�? �B�b �?�B�;�?�2�` �i�?���M �i�?�2 �}�`�b�i �b�+�Q�`�2�X
�q�B�i�?k = 1�-#�A�6�.� = 0�- �r�?�B�+�? �B�b �H�Q�r�2�` �i�?���M �i�?�2 �B�M�B�i�B���H �b�+�Q�`�2�X �>�2�M�+�2�- �i�?�B�b �H�B�K�B�i���i�B�Q�M
�K���v �H�2���/ �i�Q �i�?�2 �m�M�/�2�`�f�Q�p�2�`�2�b�i�B�K���i�B�Q�M �Q�7 �7���B�`�M�2�b�b�- ���b �i�?�2#�A�6�.� �b�+�Q�`�2 �B�b �H�Q�r�2�`�f�?�B�;�?�2�`
�i�?���M �B�i �b�?�Q�m�H�/ �#�2�X

�9�X�9�_�2�b�Q�H�p�B�M�; �G�B�K�B�i���i�B�Q�M�b

�q�2 �b�?�Q�r �?�Q�r �i�Q �`�2�b�Q�H�p�2 �b�Q�K�2 �Q�7 �i�?�2 �K�2���b�m�`�2 �H�B�K�B�i���i�B�Q�M�b�- �2�B�i�?�2�` �7�m�H�H�v �Q�` �T���`�i�B���H�H�v�-
���M�/ �2�t�T�H���B�M �r�?�v �b�Q�K�2 �`�2�K���B�M �m�M�`�2�b�Q�H�p���#�H�2 �U�h���#�X�9�X�8�V�X �h�Q �/�B�b�i�B�M�;�m�B�b�? �#�2�i�r�2�2�M �i�?�2
�Q�`�B�;�B�M���H �p�2�`�b�B�Q�M �Q�7 ���M �2�p���H�m���i�B�Q�M �K�2���b�m�`�2M ���M�/ �Q�m�` �K�Q�/�B�}�+���i�B�Q�M �Q�7 �B�i�- �r�2 �m�b�2M �Q�`�B

�R�9�R



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

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

�9�X�9�X�R�_�2�b�Q�H�p�B�M�; �L�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �U�G�B�K�B�i���i�B�Q�M �R�V ���M�/ �h�Q�T�@k�@
�B�M�b�2�M�b�B�i�B�p�B�i�v �U�G�B�K�B�i���i�B�Q�M �8�V

�q�2 �`�2�b�Q�H�p�2 �i�?�2�i�Q�T�@k�@�B�M�b�2�M�b�B�i�B�p�B�i�v�H�B�K�B�i���i�B�Q�M �7�Q�` �i�?�2 �Q�M�H�v �K�2���b�m�`�2 �i�?���i �b�m�z�2�`�b
�7�`�Q�K �B�i�- �A�6�.� �- ���M�/ �r�2 �T���`�i�B���H�H�v �`�2�b�Q�H�p�2�M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�/�m�2 �i�Q �*���m�b�2 �k �7�Q�` ���H�H
�K�2���b�m�`�2�b �i�?���i �b�m�z�2�` �7�`�Q�K �i�?�2 �H�B�K�B�i���i�B�Q�M �m�M�/�2�` �*���m�b�2 �k �U�B�X�2�X�- �A�����- �A�6�.�- ���M�/ �A�A�@
�6�V�X �q�2 �`�2�b�Q�H�p�2 �i�Q�T�@k�@�B�M�b�2�M�b�B�i�B�p�B�i�v �#�v �2�K�T�H�Q�v�B�M�; �i�?�2 �i�Q�T�@k �B�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�M �B�M �i�?�2
�K�2���b�m�`�2�X �q�2 �T���`�i�B���H�H�v �`�2�b�Q�H�p�2 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �#�v �M�Q�`�K���H�B�b�B�M�; �i�?�2 �K�2���b�m�`�2 �b�+�Q�`�2�b
�#���b�2�/ �Q�M �i�?�2�B�` �i�?�2�Q�`�2�i�B�+���H�H�v ���+�?�B�2�p���#�H�2 �K�B�M�B�K�m�K ���M�/ �K���t�B�K�m�K �p���H�m�2�b�X �a�T�2�+�B�}�+���H�H�v�-
�r�2 �K�B�M�@�K���t �M�Q�`�K���H�B�b�2 �i�?�2 �b�+�Q�`�2 �T�2�` �m�b�2�`�- �m�b�B�M�; �i�?�2 �B�/�2���H ���M�/ �r�Q�`�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�H�B�b�i �U�B�M �i�2�`�K�b �Q�7 �7���B�`�M�2�b�b�V�- �b�B�K�B�H���` �i�Q �i�?�2 �B�/�2�� �Q�7 �M�Q�`�K���H�B�b�B�M�; �.�*�: �(�R�y�k�)�X�R�y���b �� �`�2�b�m�H�i
�Q�7 �i�?�2 �M�Q�`�K���H�B�b���i�B�Q�M�- �i�?�2 �b�+�Q�`�2�b �y ���M�/ �R �`�2�7�2�` �i�Q �i�?�2 �7���B�`�2�b�i ���M�/ �m�M�7���B�`�2�b�i �T�Q�b�b�B�#�H�2
�`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�- �`�2�b�T�2�+�i�B�p�2�H�v�- ���M�/ �i�?�2 �U�m�M�V�7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �m�M�B�[�m�2 �7�Q�`
�2���+�? �K�2���b�m�`�2�X �q�2 �T�`�Q�p�B�/�2 �i�?�2 �B�M�i�m�B�i�B�Q�M �Q�M �Q�#�i���B�M�B�M�; �i�?�2 �U�m�M�V�7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�H�B�b�i �B�M �i�?�B�b �b�m�#�b�2�+�i�B�Q�M�- ���M�/ �i�?�2 �K���i�?�2�K���i�B�+���H �r�Q�`�F�B�M�;�b �B�M �i�?�2 ���T�T�2�M�/�B�t�X �A�M �b�Q�K�2 �+���b�2�b�-
�B�i �B�b �/�B�{�+�m�H�i �i�Q �B�/�2�M�i�B�7�v �i�?�2 �U�m�M�V�7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M �/�B�`�2�+�i�H�v �7�`�Q�K �i�?�2 �K�2���b�m�`�2
�2�[�m���i�B�Q�M�b�- �b�Q �r�2 �b�B�K�m�H���i�2 ���H�H �T�Q�b�b�B�#�H�2 �`���M�F�B�M�;�b �7�Q�` �p���`�B�Q�m�b �/���i�� �/�B�b�i�`�B�#�m�i�B�Q�M�b �U�r�B�i�?
�� �b�K���H�H �M�m�K�#�2�` �Q�7 �B�i�2�K�b�V ���M�/ �2�t�T�2�`�B�K�2�M�i���H �+�?�Q�B�+�2�b �U�2�X�;�X�-k�V�X �q�2 �i�?�2�M �+�Q�K�T�m�i�2 �i�?�2
�K�2���b�m�`�2 ���M�/ �B�/�2�M�i�B�7�v �i�?�2 �`���M�F�B�M�;�b �i�?���i �T�`�Q�/�m�+�2 �i�?�2 �U�m�M�V�7���B�`�2�b�i �b�+�Q�`�2�b�X �h���#�X�9�X�9
�b�m�K�K���`�B�b�2�b �i�?�2 �b�i�`���i�2�;�B�2�b �i�Q ���+�?�B�2�p�2 �i�?�2 �U�m�M�V�7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �T�2�` �K�2���b�m�`�2�X

�q�2 �`�2�b�Q�H�p�2 �i�?�2 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �H�B�K�B�i���i�B�Q�M �U�*���m�b�2 �k�V �Q�M�H�v �7�Q�` �b�B�M�;�H�2�@�`�Q�m�M�/ �+���b�2�b
�U�Q�` �K�m�H�i�B�T�H�2 �`�Q�m�M�/�b �r�B�i�? �� �/�2�i�2�`�K�B�M�B�b�i�B�+ �`���M�F�B�M�; �T�Q�H�B�+�v�V ���M�/ �7�Q�` �#�B�M���`�v �`�2�H�2�p���M�+�2
�b�+�2�M���`�B�Q�b�- ���b �i�?�2 ���;�;�`�2�;���i�B�Q�M ���+�`�Q�b�b �`�Q�m�M�/�b ���M�/ �M�Q�M�@�#�B�M���`�v �`�2�H�2�p���M�+�2 �B�M�i�`�Q�/�m�+�2 �2�t�i�`��
�+�Q�K�T�H�2�t�B�i�v �B�M �7�Q�`�K�m�H���i�B�M�; �i�?�2 �U�m�M�V�7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�X �q�?�B�H�2 �i�?�B�b �K���v �b�2�2�K
�H�B�F�2 �� �+�Q�M�b�i�`���B�M�2�/ �b�2�i�i�B�M�;�- �#�Q�i�? �b�+�2�M���`�B�Q�b ���`�2 �T�Q�T�m�H���` �B�M �_�a �2�p���H�m���i�B�Q�M �(�j�R�- �k�k�3�)�X
�6�m�`�i�?�2�`�K�Q�`�2�- �r�2 ���H�b�Q �2�t�+�H�m�/�2 �i�?�2 �?�B�;�?�H�v �m�M�H�B�F�2�H�v �b�+�2�M���`�B�Q �r�?�2�`�2 �i�?�2 �`�2�H�2�p���M�+�2 �p���H�m�2
�Q�7 ���H�Hn �B�i�2�K�b ���`�2 �i�?�2 �b���K�2 �7�Q�` �� �m�b�2�`u �Uru;1 = ru;2 = � � � = ru;n �V�X�R�R

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

�R�R�A�M �i�?�B�b �+���b�2�- �i�?�2 �T���`�i�B�+�m�H���` �m�b�2�`u �K���v �2�B�i�?�2�` �#�2 �2�t�+�H�m�/�2�/ �7�`�Q�K �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �Q�` �i�?�2 �m�b�2�`
�b�+�Q�`�2 �K���v �#�2 �b�2�i �i�Q �y �7�Q�` �H�Q�r�2�`�@�B�b�@�7���B�`�2�` �K�2���b�m�`�2�b ���M�/ �i�Q �R �7�Q�` �?�B�;�?�2�`�@�B�b�@�#�2�i�i�2�` �K�2���b�m�`�2�b�X

�R�9�k



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�h���#�H�2 �9�X�9�, �a�m�K�K���`�v �Q�7 �`���M�F�B�M�; �b�i�`���i�2�;�B�2�b �i�Q ���+�?�B�2�p�2 �i�?�2 �U�m�M�V�7���B�`�2�b�i �b�+�Q�`�2�b �Q�7 �i�?�2
�C�Q�B�M�i�K�2���b�m�`�2�b�X

�J�2���b�m�`�2 �6���B�`�2�b�i �l�M�7���B�`�2�b�i

�A�����Q�m�`(u) ���b �K���M�v �`�2�H�2�p���M�i �B�i�2�K�b ���b �T�Q�b�b�B�@
�#�H�2 ���i �i�?�2 �i�Q�T�@k

���b �7�2�r �`�2�H�2�p���M�i �B�i�2�K�b ���b �T�Q�b�b�B�#�H�2
���i �i�?�2 �i�Q�T�@k

�A�A�@�6�Q�m�`(u) ���b �K���M�v �`�2�H�2�p���M�i �B�i�2�K�b ���b �T�Q�b�b�B�@
�#�H�2 ���i �i�?�2 �i�Q�T�@k

���b �7�2�r �`�2�H�2�p���M�i �B�i�2�K�b ���b �T�Q�b�b�B�#�H�2
���i �i�?�2 �i�Q�T�@k

�A�6�.� �@�Q�m�`(u) ���b �7�2�r �`�2�H�2�p���M�i �B�i�2�K�b ���b �T�Q�b�b�B�#�H�2
���i �i�?�2 �i�Q�T�@k

�>���H�7 �Q�7 �i�?�2 �`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2
�i�Q�T�c �i�?�2 �Q�i�?�2�` �?���H�7 �m�M�2�t�T�Q�b�2�/

�A�6�.� �@�Q�m�`(u) ���b �7�2�r �`�2�H�2�p���M�i �B�i�2�K�b ���b �T�Q�b�b�B�#�H�2
���i �i�?�2 �i�Q�T�@k

� ���b �K���M�v �`�2�H�2�p���M�i �B�i�2�K�b ���b �T�Q�b�b�B�@
�#�H�2 ���i �i�?�2 �i�Q�T�@k

� �q�Q�`�F�b �7�Q�` �K�Q�b�i �+���b�2�b�- �#�m�i �M�Q�i ���H�H�X �a�2�2 ���9�X�9�X�R�X�j�X

�9�X�9�X�R�X�R�A�M�2�[�m�B�i�v �Q�7 ���K�Q�`�i�B�x�2�/ ���i�i�2�M�i�B�Q�M �U�A�����V

�h�Q �`�2�b�Q�H�p�2 �i�?�2 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �H�B�K�B�i���i�B�Q�M �B�M �A�����- �r�2 �+�Q�K�T�m�i�2 �A�����K�B�M(u)�- �B�X�2�X�- �i�?�2
�7���B�`�2�b�i �T�Q�b�b�B�#�H�2#�A���� �7�Q�` �m�b�2�`u�- ���M�/ �A�����K���t(u)�- �i�?�2 �m�M�7���B�`�2�b�i �T�Q�b�b�B�#�H�2#�A���� �7�Q�`
u�X �h�?�2 �7���B�`�2�b�i �A����(u) �B�b �Q�#�i���B�M�2�/ �7�`�Q�K �� �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �i�?���i �B�b �#���b�2�/ �Q�M
�K�Q�M�Q�i�Q�M�B�+���H�H�v �/�2�+�`�2���b�B�M�; �B�i�2�K �`�2�H�2�p���M�+�2 �7�Q�` �i�?�2 �m�b�2�`�- �r�?�B�H�2 �i�?�2 �m�M�7���B�`�2�b�i �A����(u) �B�b
�#���b�2�/ �Q�M �� �H�B�b�i �r�B�i�? �K�Q�M�Q�i�Q�M�B�+���H�H�v �B�M�+�`�2���b�B�M�; �B�i�2�K �`�2�H�2�p���M�+�2�X �h�Q �K�B�M�B�K�B�b�2 �A����(u)�-
�r�2 �?���p�2 �i�Q �K�B�M�B�K�B�b�2 �i�?�2 ���#�b�Q�H�m�i�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �2���+�? �B�i�2�K�ö�b �`�2�H�2�p���M�+�2 �b�+�Q�`�2 ���M�/
�B�i�b �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�X �A�M�i�m�B�i�B�p�2�H�v�- ���H�H �`�2�H�2�p���M�i �B�i�2�K�b �Uru;i = 1�- �7�Q�` �#�B�M���`�v �`�2�H�2�p���M�+�2
�+���b�2�V �b�?�Q�m�H�/ �#�2 �T�H���+�2�/ ���i �i�?�2 �i�Q�T �Q�7 �i�?�2 �H�B�b�i�- ���b �B�i�2�K �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b ���i �i�?�2 �i�Q�T�@k
���`�2 �M�Q�M�x�2�`�Q�- ���M�/ �i�?�2 �B�`�`�2�H�2�p���M�i �B�i�2�K�b �Uru;i = 0�V �b�?�Q�m�H�/ �#�2 �`�2�+�Q�K�K�2�M�/�2�/ �#�2�v�Q�M�/ �i�?�2
�i�Q�T�@k�- �r�?�2�`�2 �i�?�2 �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b ���`�2 �x�2�`�Q�X �A�M �+�Q�M�i�`���b�i�- �K���t�B�K�B�b�B�M�; �A����(u) �`�2�[�m�B�`�2�b
�/�Q�B�M�; �i�?�2 �Q�T�T�Q�b�B�i�2�- �B�X�2�X�- �T�H���+�B�M�; �i�?�2 �B�`�`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �i�Q�T ���M�/ �i�?�2 �`�2�H�2�p���M�i �B�i�2�K�b
���i �i�?�2 �#�Q�i�i�Q�K�X

�q�2 �`�2�7�Q�`�K�m�H���i�2 �A���� ���b �7�Q�H�H�Q�r�b�,

�A�����Q�m�=̀
1
m

X

u2 U

�A�����Q�m�`(u) �U�9�X�k�8�V

�A�����Q�m�`(u) =
�A�����Q�`�B(u) � �A�����K�B�M(u)
�A�����K���t(u) � �A�����K�B�M(u)

�U�9�X�k�e�V

�r�?�2�`�2 ���H�H �A����(:)(u) �B�M �1�[�X �U�9�X�k�e�V ���`�2 �+�Q�K�T�m�i�2�/ �r�B�i�? �i�?�2 �+�Q�`�`�2�+�i�2�/ �2�t���K�B�M���i�B�Q�M �7�m�M�+�@
�i�B�Q�M�- �r�?�B�+�? �r�2 �2�t�T�H���B�M �H���i�2�` �B�M ���9�X�9�X�k�X

�R�9�j
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�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�9�X�9�X�R�X�k�A�M�/�B�p�B�/�m���H �6���B�`�M�2�b�b �.�B�b�T���`�B�i�v �r�B�i�? �.�B�p�B�b�B�Q�M �U�A�6�.� �V

�A�6�.� �@�Q�`�B�b�m�z�2�`�b �7�`�Q�K�i�Q�T�@k�@�B�M�b�2�M�b�B�i�B�p�B�i�v���b �B�i �/�Q�2�b �M�Q�i �2�K�T�H�Q�v �i�?�2 �7�m�M�+�i�B�Q�M �i�?���i
�B�M�/�B�+���i�2�b �r�?�2�i�?�2�` ���M �B�i�2�Ki �B�b �B�M �i�?�2 �i�Q�T�@k �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �7�Q�` �m�b�2�`u �B�M �`�Q�m�M�/
w�-1L u;w (i )�X ���b �b�m�+�?�- �r�2 �`�2�b�Q�H�p�2 �i�?�B�b �H�B�K�B�i���i�B�Q�M �#�v �B�M�+�Q�`�T�Q�`���i�B�M�; �i�?�2 �B�M�/�B�+���i�Q�` �7�m�M�+�@
�i�B�Q�M �B�M �i�?�2J� �@�Q�`�B(u; i ) �7�m�M�+�i�B�Q�M�- �r�?�B�+�? �+�Q�K�#�B�M�2�b �B�i�2�K �2�t�T�Q�b�m�`�2 ���M�/ �`�2�H�2�p���M�+�2�X �q�2
�`�2�7�Q�`�K�m�H���i�2J� �@�Q�`�B(u; i ) ���b �7�Q�H�H�Q�r�b�,

J� �@�Q�m�`(u; i ) =
1

W

WX

w=1

1L u;w (i ) � e�.�*�: (u; i; w)
ru;i;w

�U�9�X�k�d�V

�h�?�2 ���#�Q�p�2 �K�Q�/�B�}�+���i�B�Q�M �x�2�`�Q�b �Q�m�i �i�?�2 �+�Q�K�#�B�M�2�/ �B�i�2�K �2�t�T�Q�b�m�`�2 ���M�/ �B�i�2�K �`�2�H�2�p���M�+�2
�p���H�m�2�b �7�Q�` �B�i�2�K�b �i�?���i ���`�2 �`���M�F�2�/ �#�2�v�Q�M�/ �i�?�2 �i�Q�T�@k�X �>�2�M�+�2�- �;�B�p�2�M �� �/�B�z�2�`�2�M�i �+�m�i�@�Q�z
k�- �A�6�.� �@�Q�m�`�U�1�[�X �U�9�X�k�3�V�V �+���M �K�Q�`�2 ���+�+�m�`���i�2�H�v �[�m���M�i�B�7�v �i�?�2 �/�B�b�T���`�B�i�v �#�2�i�r�2�2�M �i�?�2
�+�Q�K�#�B�M�2�/ �2�t�T�Q�b�m�`�2�@�`�2�H�2�p���M�+�2 �b�+�Q�`�2�b �Q�7 �B�i�2�K�b �B�M ���M�/ �Q�m�i �Q�7 �i�?�2 �i�Q�T�@k�X

���b �A�6�.� �@�Q�`�B���H�b�Q �b�m�z�2�`�b �7�`�Q�K �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�- �r�2 �2�t�T�H���B�M �?�Q�r �i�Q �M�Q�`�K���H�B�b�2 �B�i�b
�b�+�Q�`�2 �T�2�` �m�b�2�`�X �h�Q �Q�#�i���B�M �i�?�2 �7���B�`�2�b�i#�A�6�.� (u)�- �B�X�2�X�- �A�6�.� �@ �K�B�M(u)�- �r�2 �T�H���+�2 ���H�H �`�2�H�2�p���M�i
�B�i�2�K�b ���i �i�?�2 �#�Q�i�i�Q�K �Q�7 �i�?�2 �H�B�b�i�- ���b �A�6�.� �i���F�2�b �i�?�2 �T���B�`�r�B�b�2 �/�B�z�2�`�2�M�+�2 �Q�7 �i�?�2 �2�t�T�Q�b�m�`�2
�r�2�B�;�?�i �Q�7 �Q�M�H�v �i�?�2 �`�2�H�2�p���M�i �B�i�2�K�b �U���7�i�2�` �`�2�b�Q�H�p�B�M�; �i�?�2 �i�Q�T�@k�@�B�M�b�2�M�b�B�i�B�p�B�i�v �H�B�K�B�i���i�B�Q�M�V�X
�h�?�m�b�- �r�?�2�M �i�?�2 �`�2�H�2�p���M�i �B�i�2�K�b ���`�2 ���i �i�?�2 �#�Q�i�i�Q�K �Q�7 �i�?�2 �H�B�b�i�- �i�?�2�B�` �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b
���`�2 �U�+�H�Q�b�2�` �i�Q�V �y�- �`�2�b�m�H�i�B�M�; �B�M �i�?�2 �H�2���b�i#�A�6�.� (u) �b�+�Q�`�2�X

�P�#�i���B�M�B�M�; �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �r�B�i�? �i�?�2 �m�M�7���B�`�2�b�i#�A�6�.� (u)�- �B�X�2�X�- �A�6�.� �@ �K���t(u)�-
�B�b �M�Q�i ���b �b�i�`���B�;�?�i�7�Q�`�r���`�/�X �6�Q�` �i�?�2 �#���b�2 �+���b�2 �r�?�2�`�2 �i�?�2�`�2 ���`�2 �i�r�Q �`�2�H�2�p���M�i �B�i�2�K�b �7�Q�` ��
�m�b�2�` �UjR�

u j = 2 �V�- �i�?�2 �K���t�B�K�m�K �/�B�z�2�`�2�M�+�2 �+���M �#�2 �Q�#�i���B�M�2�/ �r�?�2�M �T�H���+�B�M�; �Q�M�2 �`�2�H�2�p���M�i
�B�i�2�K ���i �i�?�2 �i�Q�T�- ���M�/ �i�?�2 �Q�i�?�2�` �Q�M�2 ���i �i�?�2 �#�Q�i�i�Q�K�X�R�k�:�2�M�2�`���H�B�b�B�M�; �i�Q ���M �2�p�2�M �M�m�K�#�2�`
�Q�7jR�

u j�- �7�Q�H�H�Q�r�B�M�; �i�?�2 �b���K�2 �B�/�2���- �T�H���+�B�M�; �?���H�7 �Q�7 �i�?�2 �`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �i�Q�T ���M�/
�i�?�2 �`�2�b�i ���i �i�?�2 �#�Q�i�i�Q�K �b�?�Q�m�H�/ ���+�?�B�2�p�2 �i�?�2 �K���t�B�K�m�K �A�6�.� (u)�X �6�Q�` �2�t���K�T�H�2�- �B�7 �i�?�2
�/���i���b�2�i �?���bn = 8 �B�i�2�K�b�- ���M�/ �9 ���`�2 �`�2�H�2�p���M�i �i�Qu�- �i�?�2 �B�i�2�K�b �b�?�Q�m�H�/ �#�2 �T�H���+�2�/ �b�m�+�?
�i�?���i �i�?�2 �B�i�2�K �`�2�H�2�p���M�+�2 �B�b �Q�`�/�2�`�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �r���v�,[1; 1; 0; 0; 0; 0; 1; 1]�X

�A�7jR�
u j �B�b �Q�/�/�-jR�

u j�@�R �Q�7 �i�?�2 �B�i�2�K�b �+���M �#�2 �`�2�+�Q�K�K�2�M�/�2�/ �r�B�i�? �i�?�2 �b���K�2 �b�i�`���i�2�;�v
�7�Q�` ���M �2�p�2�M �M�m�K�#�2�` �Q�7jR�

u j�X �h�?�2 �T�Q�b�B�i�B�Q�M�B�M�; �Q�7 �i�?�2 �`�2�K���B�M�B�M�; �B�i�2�K �+���M �#�2 �+�H�Q�b�2�` �i�Q
�2�B�i�?�2�` �i�?�2 �i�Q�T �Q�` �i�?�2 �#�Q�i�i�Q�K�- �2�X�;�X�-[1; 1; 1; 0; 0; 0; 1; 1] �Q�[̀1; 1; 0; 0; 0; 1; 1; 1]�X �h�?�`�Q�m�;�?
�� �b�B�K�m�H���i�B�Q�M �r�B�i�? �p���`�B�Q�m�b �M�m�K�#�2�`�b �Q�7 �B�i�2�K�b�-n 2 f 10; 15; 20g�- �+�m�i�@�Q�zk 2 f 1; 3; 5; 10g�-
���M�/ ���M �Q�/�/ �M�m�K�#�2�` �Q�7 �`�2�H�2�p���M�i �B�i�2�K�b�-jR�

u j 2 f 3; 5; : : : ; k � 1g�- �r�2 �}�M�/ �i�?���i �T�H���+�B�M�;
�i�?�2 �B�i�2�K �2�B�i�?�2�` �r���v ���H�r���v�b �T�`�Q�/�m�+�2�b �i�?�2 �m�M�7���B�`�2�b�i �A�6�.� (u)�X

�R�k�h�?�2�`�2 �K���v �#�2 �K�m�H�i�B�T�H�2 �T�Q�b�b�B�#�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�b �i�?���i �`�2�b�m�H�i �B�M �i�?�2 �b���K�2 �K���t�B�K�m�K �A�6�.� (u)
�b�+�Q�`�2�- �i�?�B�b �B�b �D�m�b�i �Q�M�2 �T�Q�b�b�B�#�B�H�B�i�v�X

�R�9�9



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�q�2 �`�2�7�Q�`�K�m�H���i�2 �A�6�.� (u) ���b �7�Q�H�H�Q�r�b�,

�A�6�.(�)�@�Q�m�`=
1
m

X

u2 U

�A�6�.(�)�@�Q�m�`(u) �U�9�X�k�3�V

�A�6�.� �@�Q�m�`(u) =
�A�6�.� �@�Q�`�B(u) � �A�6�.� �@ �K�B�M(u)

�A�6�.� �@ �K���t(u) � �A�6�.� �@ �K�B�M(u)
�U�9�X�k�N�V

�r�?�2�`�2 ���H�H �A�6�.� �@(�)(u) �B�M �1�[�X �U�9�X�k�N�V ���`�2 �+�Q�K�T�m�i�2�/ �r�B�i�? �Q�m�` �`�2�7�Q�`�K�m�H���i�B�Q�M �Q�7 �i�?�2 �7�m�M�+�@
�i�B�Q�M �+�Q�K�#�B�M�B�M�; �B�i�2�K �2�t�T�Q�b�m�`�2 ���M�/ �`�2�H�2�p���M�+�2�-J� �@�Q�m�`�U�1�[�X �U�9�X�k�d�V�V�X �L�Q�i�2 �i�?���i �i�?�B�b
�M�Q�`�K���H�B�b���i�B�Q�M �Q�M�H�v ���T�T�H�B�2�b �i�Q �m�b�2�`�b �r�B�i�? ���i �H�2���b�i �i�r�Q �`�2�H�2�p���M�i �B�i�2�K�b �UjR�

u j � 2�V�X
���b �A�6�.� (u) �i���F�2�b �i�?�2 �T���B�`�r�B�b�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �+�Q�K�#�B�M�2�/ �2�t�T�Q�b�m�`�2�@�`�2�H�2�p���M�+�2
�p���H�m�2 �Q�7 �� �m�b�2�`�ö�b �`�2�H�2�p���M�i �B�i�2�K�b�- �A�6�.� �@�Q�`�B(u) �B�b ���H�r���v�b �x�2�`�Q �r�?�2�M �� �m�b�2�` �Q�M�H�v �?���b �Q�M�2
�`�2�H�2�p���M�i �B�i�2�K�X �P�M�2 �r���v �i�Q �i�`�2���i �b�m�+�? �m�b�2�`�b �B�b �i�Q ���b�b�B�;�M �A�6�.� �@�Q�m�`(u) = 0 �U�i�?�2 �7���B�`�2�b�i
�b�+�Q�`�2�V�X ���H�i�2�`�M���i�B�p�2�H�v�- �i�?�2�v �+���M ���H�b�Q �#�2 �2�t�+�H�m�/�2�/ �7�`�Q�K �i�?�2 �2�p���H�m���i�B�Q�M�X ���b �i�?�2�B�` �b�+�Q�`�2�b
�r�Q�m�H�/ ���H�r���v�b �#�2 �x�2�`�Q�- �i�?�2�b�2 �m�b�2�`�b �r�Q�m�H�/ �T�m�H�H �i�?�2 �b�+�Q�`�2 �Q�7#�A�6�.� �@�Q�m�`�/�Q�r�M�- �K���F�B�M�;
�i�?�2 �b�+�Q�`�2 �b�2�2�K �7���B�`�2�` �i�?���M �B�i �b�?�Q�m�H�/ �#�2�X

�9�X�9�X�R�X�j�A�M�/�B�p�B�/�m���H �6���B�`�M�2�b�b �.�B�b�T���`�B�i�v �r�B�i�? �J�m�H�i�B�T�H�B�+���i�B�Q�M �U�A�6�.� �V

�6�Q�` �A�6�.� �@�Q�`�B�- �r�2 �Q�#�i���B�M �i�?�2 �7���B�`�2�b�i#�A�6�.� �@ �K�B�M(u) �i�?�`�Q�m�;�? �i�?�2 �b���K�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�H�B�b�i �i�?���i �T�`�Q�/�m�+�2�b �A�6�.� �@ �K�B�M(u)�- �B�X�2�X�- ���H�H �`�2�H�2�p���M�i �B�i�2�K�b ���`�2 ���i �i�?�2 �#�Q�i�i�Q�K�X ���b �B�i�2�K�b ���i
�i�?�2 �#�Q�i�i�Q�K �?���p�2 �H�2�b�b �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �i�?���M �i�?�2 �Q�M�2�b ���i �i�?�2 �i�Q�T�- �i�?�B�b �`���M�F�B�M�; �K�B�M�B�K�B�b�2�b
�i�?�2 �T���B�`�r�B�b�2 �/�B�z�2�`�2�M�+�2 �Q�7 �i�?�2 �B�i�2�K �b�+�Q�`�2�b�- �r�?�B�+�? ���`�2 �i�?�2 �B�i�2�K �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �i�B�K�2�b
�B�i�b �`�2�H�2�p���M�+�2�X

�6�Q�`�K�m�H���i�B�M�; �i�?�2 �B�i�2�K �`���M�F�B�M�; �r�B�i�? �i�?�2 �m�M�7���B�`�2�b�i �A�6�.� �@�Q�`�B�- �B�X�2�X�-#�A�6�.� �@ �K���t(u) �B�b �M�Q�i
�7�2���b�B�#�H�2 �i�?�`�Q�m�;�? ���M���H�v�b�B�M�; �i�?�2 �K�2���b�m�`�2 �2�[�m���i�B�Q�M�X �h�Q �}�M�/ �i�?�2 �`���M�F�B�M�; �i�?���i �T�`�Q�/�m�+�2�b
�A�6�.� �@ �K���t(u)�- �r�2 �b�B�K�m�H���i�2 �`���M�F�B�M�;�b �r�B�i�? �p���`�B�Q�m�b �M�m�K�#�2�`�b �Q�7 �B�i�2�K�b�-n 2 f 10; 15; 20g�-
�+�m�i�@�Q�zk 2 f 1; 3; 5; 10g�- ���M�/ �`�2�H�2�p���M�i �B�i�2�K�b�-jR�

u j 2 f 2; 3; : : : ; k � 1g�X �6�Q�` �2���+�? �+�Q�K�@
�#�B�M���i�B�Q�M �Q�7 �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �+�?�Q�B�+�2�b�- �r�2 �T�2�`�K�m�i�2 ���H�H �T�Q�b�b�B�#�H�2 �`���M�F�B�M�;�b�- �+�Q�K�T�m�i�2
�A�6�.� �@�Q�`�B�7�Q�` �2���+�? �`���M�F�B�M�;�- ���M�/ �B�/�2�M�i�B�7�v �r�?�B�+�? �`���M�F�B�M�;�b �T�`�Q�/�m�+�2 �i�?�2 �m�M�7���B�`�2�b�i �b�+�Q�`�2�X
�q�2 �}�M�/ �i�?���i �i�?�2 �B�i�2�K�b �+���M �#�2 �`���M�F�2�/ �B�M ���i �H�2���b�i �Q�M�2 �Q�7 �i�?�2�b�2 �i�r�Q �r���v�b�, �U�B�V ���H�H �`�2�H�2�@
�p���M�i �B�i�2�K�b ���i �i�?�2 �i�Q�T�c �Q�` �U�B�B�Va �B�i�2�K�b ���i �i�?�2 �i�Q�T�- ���M�/jR�

u j � a �B�i�2�K�b ���i �i�?�2 �#�Q�i�i�Q�K�X
�P�m�` �b�B�K�m�H���i�B�Q�M �b�?�Q�r�b �i�?���i �b�i�`���i�2�;�v �U�B�V �T�`�Q�/�m�+�2�b �i�?�2 �m�M�7���B�`�2�b�i �b�+�Q�`�2 �7�Q�` �b�K���H�H �+�m�i�@
�Q�z�bk 2 f 1; 3g�X ���bjR�

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

u j�- �;�B�p�2�M �� �/�B�z�2�`�2�M�i �M�m�K�#�2�` �Q�7 �B�i�2�K�bn�X�R�j �6�Q�` �2�t���K�T�H�2�- �;�B�p�2�Mn = 20 ���M�/k = 10�-
�b�i�`���i�2�;�v �U�B�V �r�Q�`�F�b �7�Q�`jR�

u j 2 f 2; 3; : : : ; 6g�- ���M�/ �7�Q�`jR�
u j 2 f 7; : : : ; n � kg �Q�M�r���`�/�b�-

�R�j�q�2 �}�M�/ �i�?���i �r�B�i�? �� �H���`�;�2�`n�- �b�i�`���i�2�;�v �U�B�V �b�i���`�i�b �7���B�H�B�M�; ���i �� �H���`�;�2�`jR�
u j�X

�R�9�8



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

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

u j � 6 �B�i�2�K�b ���i �i�?�2 �#�Q�i�i�Q�K�X �6�Q�`jR�
u j 2 f n � k + 1; : : : ; n � 1g�-

�B�X�2�X�- �i�?�2 �;�2�M�2�`���H �7�Q�`�K �B�bjR�
u j � (n � k) = jR�

u j � 10 �B�i�2�K�b ���i �i�?�2 �i�Q�T�- ���M�/ �i�?�2 �`�2�b�i ���i
�i�?�2 �#�Q�i�i�Q�K�X �h�?�2�`�2 ���`�2 �b�Q�K�2 �2�t�+�2�T�i�B�Q�M�b�- �r�?�2�`�2 �i�?�B�b �B�M�+�`�2���b�B�M�; �T���i�i�2�`�M �/�Q�2�b �M�Q�i �?�Q�H�/�X
�6�Q�` �2�t���K�T�H�2�- �;�B�p�2�Mk = n = 10�- �7�Q�`jR�

u j 2 f 6; 7g�- �b�i�`���i�2�;�v �U�B�B�V �r�Q�`�F�b�- �B�X�2�X�- �T�H���+�B�M�; �8
�B�i�2�K�b ���i �i�?�2 �i�Q�T ���M�/ �R �B�i�2�K ���i �i�?�2 �#�Q�i�i�Q�K �7�Q�`jR�

u j = 6 �c �r�2 �/�2�M�Q�i�2 �i�?�B�b ���b �8���R�X �6�Q�`
jR�

u j = 7 �- �i�?�2 �H�B�b�i �B�b �B�M �i�?�2 �7�Q�`�K �Q�7 �8���k�- �#�m�i �7�Q�`jR�
u j = 8 �- �i�?�2 �H�B�b�i �B�b �B�M �i�?�2 �7�Q�`�K �Q�7 �9���9

�B�M�b�i�2���/�- �r�?�B�+�? �/�2�p�B���i�2�b �7�`�Q�K �i�?�2 �T���i�i�2�`�M�X �>�Q�r�2�p�2�`�- �i�?�B�b �/�2�p�B���i�B�Q�M �B�b �m�M�2�t�T�2�+�i�2�/ ���b
�i�?�2 �2�p���H�m���i�B�Q�M �b�+�2�M���`�B�Q �B�b �?�B�;�?�H�v �m�M�H�B�F�2�H�v �U�B�X�2�X�- �i�?�2 �+�m�i�@�Q�z �B�b �i�?�2 �b���K�2 ���b �i�?�2 �M�m�K�#�2�`
�Q�7 �B�i�2�K�b�V�- ���M�/ �B�M ���M�v �+���b�2�- �i�?�2 �b�+�Q�`�2�b �Q�7 �i�?�2 �9���9 ���M�/ �8���j �H�B�b�i�b �Q�M�H�v �/�B�z�2�` �#�v� �y�X�y�y�y�e�X

�h�Q �}�M�/ �A�6�.� �@ �K���t(u) �U�Q�` �� �;�Q�Q�/ �2�b�i�B�K���i�2 �Q�7 �B�i�V�- �r�2 �T�`�2�+�Q�K�T�m�i�2 �A�6�.� �@�Q�`�B(u) �r�B�i�?
�i�?�2 �i�r�Q �b�i�`���i�2�;�B�2�b �7�Q�` �� �;�B�p�2�Mk; m�- ���M�/jR�

u j�- ���M�/ �i���F�2 �i�?�2 �K���t�B�K�m�K ���b �A�6�.� �@ �K���t(u)�X
�q�2 �i�?�2�M �+�Q�K�T�m�i�2 �A�6�.� �@�Q�m�`�- �r�?�B�+�? �`�2�b�Q�H�p�2�b �i�?�2 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �H�B�K�B�i���i�B�Q�M �B�M �i�?�2
�K�2���b�m�`�2�- �#�v ���p�2�`���;�B�M�; �A�6�.� �@�Q�m�`(u) ���+�`�Q�b�b ���H�H �m�b�2�`�b�,

�A�6�.� �@�Q�m�`(u) =
�A�6�.� �@�Q�`�B(u) � �A�6�.� �@ �K�B�M(u)

�A�6�.� �@ �K���t(u) � �A�6�.� �@ �K�B�M(u)
�U�9�X�j�y�V

�9�X�9�X�R�X�9�A�M�/�B�p�B�/�m���H�@�m�b�2�`�@�i�Q�@�A�M�/�B�p�B�/�m���H�@�B�i�2�K �6���B�`�M�2�b�b �U�A�A�@�6�V

�h�Q �`�2�b�Q�H�p�2 �i�?�2 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �B�M �A�A�@�6�- �r�2 �}�`�b�i �`�2�r�`�B�i�2 �A�A�@�6 �U�1�[�X �U�9�X�k�R�V�V ���b �7�Q�H�H�Q�r�b�-
�i�Q �b�2�T���`���i�2 �i�?�2 �A�A�@�6 �b�+�Q�`�2 �T�2�` �m�b�2�`�,

�A�A�@�6(�) =
1
m

X

u2 U

�A�A�@�6(�)(u) �U�9�X�j�R�V

�A�A�@�6�Q�`�B(u) =
1
n

X

i 2 I

�
Eu;i � E �

u;i

� 2
�U�9�X�j�k�V

�q�2 �i�?�2�M �K�B�M�@�K���t �M�Q�`�K���H�B�b�2 �A�A�@�6(u)�,

�A�A�@�6�Q�m�`(u) =
�A�A�@�6�Q�`�B(u) � �A�A�@�6�K�B�M(u)
�A�A�@�6�K���t(u) � �A�A�@�6�K�B�M(u)

�U�9�X�j�j�V

�h�Q �Q�#�i���B�M �A�A�@�6�K�B�M(u)�- �B�X�2�X�- �i�?�2 �7���B�`�2�b�i#�A�A�@�6(u)�- ���H�H �`�2�H�2�p���M�i �B�i�2�K�b �b�?�Q�m�H�/ �#�2 �`���M�F�2�/
���i �i�?�2 �i�Q�T�- �r�?�B�H�2 �i�Q �Q�#�i���B�M �A�A�@�6�K���t(u)�- �B�X�2�X�- �i�?�2 �m�M�7���B�`�2�b�i#�A�A�@�6(u)�- ���H�H �`�2�H�2�p���M�i �B�i�2�K�b
�b�?�Q�m�H�/ �#�2 �`���M�F�2�/ ���i �i�?�2 �#�Q�i�i�Q�K�X �h�?�B�b �B�b �#�2�+���m�b�2 �K�B�M�B�K�B�b�B�M�; �i�?�2 �b�m�K �Q�7 �b�[�m���`�2�b �B�M
�1�[�X �U�9�X�j�k�V �`�2�[�m�B�`�2�bEu;i �- �B�X�2�X�- �i�?�2 �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i �Q�7 �B�i�2�Ki �B�M �m�b�2�`u�ö�b �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�H�B�b�i �i�Q �#�2 ���b �+�H�Q�b�2 ���b �T�Q�b�b�B�#�H�2 �i�QE �

u;i �- �r�?�B�+�? �B�b �+�Q�K�T�m�i�2�/ �#���b�2�/ �Q�M �B�i�2�K �`�2�H�2�p���M�+�2�X
�h�?�2�`�2�7�Q�`�2�- �`�2�H�2�p���M�i �B�i�2�K�b �U�r�B�i�?ru;i = 1�V �b�?�Q�m�H�/ �#�2 �T�H���+�2�/ ���i �i�?�2 �i�Q�T�- �b�Q �i�?���i �i�?�2�v ���`�2

�R�9�e



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�b�m�#�i�`���+�i�2�/ �r�B�i�? �M�Q�M�x�2�`�Q �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b�- ���M�/ �B�`�`�2�H�2�p���M�i �B�i�2�K�b �Uru;i = 0�V �b�?�Q�m�H�/ �#�2
�`���M�F�2�/ �#�2�H�Q�r�- �b�m�+�? �i�?���i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i ���M�/E �

u;i �B�b �K�B�M�B�K�B�b�2�/�X
�6�Q�H�H�Q�r�B�M�; �� �b�B�K�B�H���` �H�B�M�2 �Q�7 �`�2���b�Q�M�B�M�;�- �i�?�2 �Q�T�T�Q�b�B�i�2 �b�?�Q�m�H�/ �#�2 �/�Q�M�2 �i�Q �K���t�B�K�B�b�2 �i�?�2
�b�m�K �Q�7 �b�[�m���`�2�b�X �q�2 ���H�b�Q �p�2�`�B�7�v �i�?�`�Q�m�;�? �b�B�K�m�H���i�B�Q�M�b �r�B�i�?
 = 0:8�-n 2 f 10; 15; 20g�-
�+�m�i�@�Q�zk 2 f 1; 3; 5; 10g�- ���M�/ �`�2�H�2�p���M�i �B�i�2�K�b�-jR�

u j 2 f 2; 3; : : : ; k� 1g �i�?���i �i�?�2�b�2 �`���M�F�B�M�;
�b�i�`���i�2�;�B�2�b ���H�r���v�b �T�`�Q�/�m�+�2 �i�?�2 �K�B�M�f�K���t �A�A�@�6(u)�- �Q�` �+�H�Q�b�2 �i�Q �i�?���i �U�B�X�2�X�- �r�B�i�? �� �M�2�;�H�B�;�B�#�H�2
�/�B�z�2�`�2�M�+�2 �Q�7 �I10� 3�V�X �A�A�@�6�Q�m�`�- �r�?�B�+�? �B�b �+�Q�K�T�m�i�2�/ �r�B�i�? �i�?�2 �K�B�M�@�K���t �M�Q�`�K���H�B�b�2�/ �A�A�@
�6(u) �U�1�[�X �U�9�X�j�j�V�V�- �`�2�b�Q�H�p�2�b �i�?�2 �M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v �H�B�K�B�i���i�B�Q�M �B�M �A�A�@�6�Q�`�B�X

�9�X�9�X�k�_�2�b�Q�H�p�B�M�; �l�M�/�2�}�M�2�/�M�2�b�b �U�G�B�K�B�i���i�B�Q�M �k�V ���M�/ �w�2�`�Q�@�2�t�@
�T�Q�b�m�`�2 �U�G�B�K�B�i���i�B�Q�M �9�V

�q�2 �`�2�b�Q�H�p�2�m�M�/�2�}�M�2�/�M�2�b�b�7�Q�` ���H�H �K�2���b�m�`�2�b �i�?���i �b�m�z�2�` �7�`�Q�K �B�i �U�B�X�2�X�- �A�����- �A�"�P�- ���M�/
�A�q�P�V ���M�/ �r�2 �`�2�b�Q�H�p�2�x�2�`�Q�@�2�t�T�Q�b�m�`�2�7�Q�` �A�����- �r�?�B�+�? �B�b �i�?�2 �Q�M�H�v �K�2���b�m�`�2 �i�?���i �?���b
�B�i�X

�6�Q�` �A�����Q�`�B�- �i�?�2 �+���m�b�2 �Q�7�m�M�/�2�}�M�2�/�M�2�b�b���M�/�x�2�`�Q�@�2�t�T�Q�b�m�`�2�B�b �i�?�2 �2�`�`�Q�M�2�Q�m�b
�K�B�M�@�K���t �M�Q�`�K���H�B�b���i�B�Q�M �B�M �i�?�2 �H�B�M�2���` �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M �U�b�2�2 �h���#�X�9�X�k�V�X �q�2 �+�Q�`�`�2�+�i
�i�?�2 �M�Q�`�K���H�B�b���i�B�Q�M �#�v �b�m�#�b�i�B�i�m�i�B�M�;k �r�B�i�?k + 1 �B�M �i�?�2 �H�B�M�2���` �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M
�U�h���#�X�9�X�k�V�- �r�?�B�+�? �`�2�b�m�H�i�b �B�M�,

~e�Q�m�`�@�H�B(u; i; w) =
e�H�B(u; i; w) � 1

k
=

k + 1 � z(u; i; w)
k

�U�9�X�j�9�V

�h�?�B�b �K�Q�/�B�}�+���i�B�Q�M �2�M�b�m�`�2�b �i�?���i �B�i�2�K�b ���i �`���M�F� k �`�2�+�2�B�p�2 �M�Q�M�x�2�`�Q �2�t�T�Q�b�m�`�2 ���M�/ �B�i�2�K�b
���i k + 1 �Q�M�r���`�/�b �`�2�+�2�B�p�2 �x�2�`�Q �2�t�T�Q�b�m�`�2�X ���+�+�Q�`�/�B�M�;�H�v�- �i�?�2 �A���� �+�Q�`�`�2�+�i�2�/ �7�Q�` �i�?�2 �M�Q�M�@
�`�2���H�B�b���#�B�H�B�i�v �H�B�K�B�i���i�B�Q�M �U�A�����Q�m�`�- �1�[�X �U�9�X�k�8�V�V �M�2�2�/�b �i�Q �#�2 �+�Q�K�T�m�i�2�/ �r�B�i�? �i�?�B�b �+�Q�`�`�2�+�i�2�/
�2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�X

�A�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�t���K�T�H�2�- �r�2 �b�?�Q�r �?�Q�r �m�b�B�M�; �i�?�2 �+�Q�`�`�2�+�i�2�/ �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M
�K���v �`�2�b�m�H�i �B�M �� �/�B�z�2�`�2�M�i �b�+�Q�`�2 �i�?���M �i�?�2 �Q�`�B�;�B�M���H �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�X �6�Q�`k =
2; n = 4�- ���b�b�m�K�2 �� �m�b�2�`�ö�b �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i �r�B�i�? �M�Q�`�K���H�B�b�2�/ �`�2�H�2�p���M�+�2 �p���H�m�2�b �Q�7
[0:8; 1; 0; 0]�X �h�?�2 �M�Q�`�K���H�B�b�2�/ �2�t�T�Q�b�m�`�2 �r�2�B�;�?�i�b �;�B�p�2�M �#�v �i�?�2 �Q�`�B�;�B�M���H �2�t���K�B�M���i�B�Q�M
�7�m�M�+�i�B�Q�M�b ���`�2[1; 0; 0; 0]�- �r�?�B�H�2 �i�?�2 �Q�M�2�b �;�B�p�2�M �#�v �i�?�2 �+�Q�`�`�2�+�i�2�/ �H�B�M�2���` �2�t���K�B�M���i�B�Q�M
�7�m�M�+�i�B�Q�M~e�Q�m�`�@�H�B(u; i; w) ���`�2[1; 0:5; 0; 0]�X �h�?�2 �b�+�Q�`�2 �Q�7 �A�����Q�m�`(u) = 0 :2 �r�B�i�? �i�?�2 �7�Q�`�K�2�`�-
�r�?�2�`�2���b �A�����Q�m�`(u) = 0 :133 �r�B�i�? �i�?�2 �H���i�i�2�`�X

�6�Q�` �A�"�P�Q�`�B�f�A�q�P�Q�`�B�- �i�Q ���p�Q�B�/�m�M�/�2�}�M�2�/�M�2�b�b�/�m�2 �i�Q �/�B�p�B�b�B�Q�M �#�v �x�2�`�Q�- �r�2 �K�Q�p�2
�i�?�2 �/�B�p�B�b�Q�`Imp unif

i �B�M �i�?�2 �H�2�7�i�@�?���M�/ �b�B�/�2 �Q�7 �i�?�2 �B�M�2�[�m���H�B�i�B�2�b �B�M �1�[�X �U�9�X�R�3�V �� �1�[�X �U�9�X�R�N�V
�i�Q �i�?�2 �`�B�;�?�i�@�?���M�/ �b�B�/�2�X �q�2 �`�2�7�Q�`�K�m�H���i�2 �1�[�X �U�9�X�R�3�V �� �U�9�X�R�N�V ���b �7�Q�H�H�Q�r�b�,
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���H�i�Q�;�2�i�?�2�` �?���p�2km �m�M�B�[�m�2 �B�i�2�K�b�- �r�?�2�`�2 �2���+�? �B�i�2�K �B�b �`�2�H�2�p���M�i �Q�M�H�v �i�Q �i�?�2 �m�b�2�` �r�?�Q
�?���b �B�i ���i �i�?�2 �i�Q�T�@k�X

�q�2 �+�Q�K�T�m�i�2 ���H�H�1�7�7�- �6���B�`�- ���M�/�C�Q�B�M�i�K�2���b�m�`�2�b ���ik = 10�X ���b �� �`�2�b�m�H�i �Q�7
�i�?�2 �`�2�T�H���+�2�K�2�M�i�b�- ���H�H�1�7�7���M�/�6���B� �̀K�2���b�m�`�2�b ���`�2 �2�t�T�2�+�i�2�/ �i�Q �b�+�Q�`�2 �U�+�H�Q�b�2 �i�Q�V �i�?�2
�r�Q�`�b�i �T�Q�b�b�B�#�H�2 ���i �i�?�2 �b�i���`�i ���M�/ �B�K�T�`�Q�p�2 �;�`���/�m���H�H�v ���b �K�Q�`�2 �B�i�2�K�b ���`�2 �B�M�b�2�`�i�2�/ �B�M�i�Q
�i�?�2 �Q�`�B�;�B�M���H �`���M�F�B�M�;�b�X �"���b�2�/ �Q�M �i�?�2 �b�i�`���i�2�;�B�2�b �i�Q �Q�#�i���B�M �i�?�2 �K�Q�b�i �U�m�M�V�7���B�` �b�+�Q�`�2�b �7�Q�`
�A�����- �A�6�.�- ���M�/ �A�A�@�6 �U�h���#�X�9�X�9�V�- �A���� ���M�/ �A�A�@�6 ���`�2 �2�t�T�2�+�i�2�/ �i�Q �b�i���`�i �7�`�Q�K �i�?�2 �m�M�7���B�`�2�b�i
�b�+�Q�`�2 ���M�/ �2�M�/ �r�B�i�? �i�?�2 �7���B�`�2�b�i �b�+�Q�`�2�- �r�?�B�H�2 �#�Q�i�? �A�6�. �b�?�Q�m�H�/ �b�i���`�i �7�`�Q�K �i�?�2 �7���B�`�2�b�i
�b�+�Q�`�2�- ���M�/ �A�6�.� �b�?�Q�m�H�/ �2�M�/ �r�B�i�? �i�?�2 �m�M�7���B�`�2�b�i �b�+�Q�`�2�X �q�2 �b�?�Q�r �i�?�2 ���M���H�v�b�B�b �`�2�b�m�H�i�b
�B�M �6�B�;�X�9�X�e�X

�a�2�M�b�B�i�B�p�B�i�v �Q�7 �i�?�2 �Q�`�B�;�B�M���H �C�Q�B�M�i �K�2���b�m�`�2�b �p�b�X �Q�m�`�b

�:�2�M�2�`���H�H�v�- �K�Q�b�i �Q�`�B�;�B�M���H�C�Q�B�M�i�K�2���b�m�`�2�b �U#�A�����f�A�6�.� �f�J�J�1�f�A�A�@�6�f���A�@�6�V ���`�2 �H���`�;�2�H�v
�B�M�b�2�M�b�B�i�B�p�2 �i�Q �+�?���M�;�2�b �B�M�1�7�7���M�/�6���B� �̀b�+�Q�`�2�b�- �B�X�2�X�- �i�?�2�B�` �b�+�Q�`�2�b �p���`�v �Q�M�H�v �� �H�B�i�i�H�2�X
�6�m�`�i�?�2�`�- �i�?�2 �b�+�Q�`�2�b ���`�2 ���H�r���v�b �p�2�`�v �+�H�Q�b�2 �i�Q �y�- �B�X�2�X�- �i�?�2 �b�+�Q�`�2�b �`���M�;�2 �#�2�i�r�2�2�M �U�y�-
�y�X�y�y�R�8�V�X �a�B�M�+�2 ���H�H �Q�7 �i�?�2�b�2 �K�2���b�m�`�2�b ���`�2 �#�Q�m�M�/�2�/ �#�2�H�Q�r �#�v �y�- �i�?�2�b�2 �b�K���H�H �b�+�Q�`�2�b
�b�m�;�;�2�b�i �i�?���i �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b ���H�K�Q�b�i �T�2�`�7�2�+�i�H�v �7���B�`�- �2�p�2�M �r�?�2�M �#�Q�i�? �i�?�2�1�7�7
���M�/�6���B��̀b�+�Q�`�2�b ���`�2 �i�?�2 �r�Q�`�b�i �T�Q�b�b�B�#�H�2�X �h�?�B�b �}�M�/�B�M�; �B�b �+�Q�M�b�B�b�i�2�M�i �r�B�i�? �i�?�2 �+�Q�K�T�`�2�b�b�2�/
�2�K�T�B�`�B�+���H �`���M�;�2 �Q�#�b�2�`�p�2�/ �7�Q�` �`�2���H�@�H�B�7�2 �/���i���b�2�i�b �U���9�X�e�X�R�� �� �9�X�e�X�j�V�X �A�M �+�Q�M�i�`���b�i�- �i�?�2
�2�K�T�B�`�B�+���H �`���M�;�2�b �Q�7 �A�"�P�f�A�q�P�f�>�. ���M�/ ���H�H �Q�7 �Q�m�` �+�Q�`�`�2�+�i�2�/�C�Q�B�M�i�K�2���b�m�`�2�b ���`�2 �+�H�Q�b�2�`
�i�Q �i�?�2 �i�?�2�Q�`�2�i�B�+���H �`���M�;�2 �Q�7[0; 1]�X �h�?�2 �+�Q�`�`�2�+�i�2�/ �p�2�`�b�B�Q�M �Q�7#�A�����f�A�6�.�f�A�A�@�6 �+�?���M�;�2�b
���b �2�t�T�2�+�i�2�/�- �B�X�2�X�- �b�i���`�i�B�M�; �7�`�Q�K �y �U�Q�` �R�V�- ���M�/ �;�`���/�m���H�H�v �`�2���+�?�B�M�; �R �U�Q�` �y�V�X#�A�6�.� �@�Q�m�`

�/�Q�2�b �M�Q�i �`�2���+�? �R ���b �i�?�2 �}�M���H �`���M�F�B�M�; �/�Q�2�b �M�Q�i �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �K�Q�b�i �m�M�7���B�` �`���M�F�B�M�;
�7�Q�` �A�6�.� �@�Q�m�`�X �>�2�M�+�2�- �Q�m�` �+�Q�`�`�2�+�i�2�/ �K�2���b�m�`�2�b ���`�2 �K�Q�`�2 �`�2�b�T�Q�M�b�B�p�2 �i�Q �+�?���M�;�2�b �B�M �i�?�2
�1�7�7���M�/�6���B� �̀b�+�Q�`�2�b�- �+�Q�K�T���`�2�/ �i�Q �i�?�2 �Q�`�B�;�B�M���H �Q�M�2�b�X

�k�k�h�?�B�b �B�b �i�Q �F�2�2�T �i�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�K�b �2�t���+�i�H�vkm �(�R�d�d�)�X

�R�d�k



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�h�?�2 �i�`�2�M�/�b �Q�7 �C�Q�B�M�i �K�2���b�m�`�2�b

���H�H�C�Q�B�M�i�K�2���b�m�`�2�b�- �#�Q�i�? �i�?�2 �Q�`�B�;�B�M���H�b ���M�/ �Q�m�`�b�- �B�K�T�`�Q�p�2 �U�b�H�B�;�?�i�H�v�V ���b �i�?�2�1�7�7���M�/
�6���B� �̀b�+�Q�`�2�b �#�2�+�Q�K�2 �#�2�i�i�2�`�- �2�t�+�2�T�i �7�Q�` �A�6�.�X �h�?�B�b �B�b �#�2�+���m�b�2 �A�6�. �2�p���H�m���i�2�b �7���B�`�M�2�b�b
�#�v �i���F�B�M�; �i�?�2 �T���B�`�r�B�b�2 �/�B�z�2�`�2�M�+�2 �Q�7 �i�?�2 �B�i�2�K�b�ö �2�t�T�Q�b�m�`�2�@�`�2�H�2�p���M�+�2 �+�Q�K�#�B�M�2�/ �p���H�m�2�b�c
�i�?�m�b�- �K�Q�p�B�M�; �i�?�2 �`�2�H�2�p���M�i �B�i�2�K�b �7�`�Q�K �i�?�2 �#�Q�i�i�Q�K �i�Q �i�?�2 �i�Q�T�@k �B�M�+�`�2���b�2�b �i�?�2 �/�B�b�T���`�B�i�v
�#�2�i�r�2�2�M �i�?�2 �`�2�H�2�p���M�i �B�i�2�K�b�ö �2�t�T�Q�b�m�`�2 ���i ���M�/ �Q�m�i�b�B�/�2 �i�?�2 �i�Q�T�@k�X �h�?�2 �i�`�2�M�/�b ���H�b�Q �/�B�z�2�`
���K�Q�M�; �i�?�2�C�Q�B�M�i�K�2���b�m�`�2�b �i�?���i �#�2�+�Q�K�2 �U�b�H�B�;�?�i�H�v�V �7���B�`�2�` �r�B�i�? �K�Q�`�2 �B�M�b�2�`�i�2�/ �B�i�2�K�b�,
�A�"�P�f�A�q�P �B�K�T�`�Q�p�2�b �T�`�Q�T�Q�`�i�B�Q�M���H�H�v �i�Q �i�?�2 ���K�Q�m�M�i �Q�7 �B�M�b�2�`�i�2�/ �B�i�2�K�b�- ���b �#�Q�i�? ���`�2 �i�?�2
�7�`���+�i�B�Q�M�b �Q�7 �B�i�2�K�b �r�B�i�? �#�2�i�i�2�`�f�r�Q�`�b�2 �B�K�T���+�i �b�+�Q�`�2�b �i�?���M �� �i�?�`�2�b�?�Q�H�/�c �>�. �B�K�T�`�Q�p�2�b �B�M
���M �B�`�`�2�;�m�H���` �K���M�M�2�` ���b �i�?�2 �m�M�b�i���#�H�2 �b�Q�`�i�B�M�;�k�j �Q�7 �B�i�2�K�b �#���b�2�/ �Q�M �i�?�2�B�` �;�`�Q�m�M�/ �i�`�m�i�?
�`�2�H�2�p���M�+�2 �B�M�i�`�Q�/�m�+�2�b �`���M�/�Q�K�M�2�b�b�X �A�����f�A�6�.�f�J�J�1�f�A�A�@�6�f���A�@�6 �B�K�T�`�Q�p�2�b �M�Q�M�@�H�B�M�2���`�H�v�X
�h�?�2 �i�`�2�M�/ �Q�7 �A���� ���M�/ �A�A�@�6 �+�H�Q�b�2�H�v �`�2�b�2�K�#�H�2�b �i�?���i �Q�7 �:�B�M�B�- �r�?�B�H�2 �i�?�2 �i�`�2�M�/ �Q�7 �A�6�.� �@�Q�m�`

�B�b �+�H�Q�b�2 �i�Q �R�@�:�B�M�B�X
�>�2�`�2�- �r�2 ���H�b�Q �b�2�2 �� �K���M�B�7�2�b�i���i�B�Q�M �Q�7 �i�?�2�x�2�`�Q�@�2�t�T�Q�b�m�`�2�H�B�K�B�i���i�B�Q�M �B�M �A�����X �q�2

�+�Q�K�T���`�2 �A�����Q�m��̀i�Q �A�����Q�`�B �2�- �B�X�2�X�- �A�����Q�m��̀+�Q�K�T�m�i�2�/ �r�B�i�? �i�?�2 �m�M�+�Q�`�`�2�+�i�2�/ �H�B�M�2���` �2�t�@
���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�Me�H�B�X �h�?�2 �m�M�+�Q�`�`�2�+�i�2�/ �p�2�`�b�B�Q�M �?���b �i�?�2 �b���K�2 �p���H�m�2 �7�Q�` �y�X�y ���M�/ �y�X�R
�7�`���+�i�B�Q�M�b �Q�7 ���`�i�B�}�+�B���H�H�v �B�M�b�2�`�i�2�/ �B�i�2�K�b �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X �h�?�2 �B�i�2�K ���i �T�Q�b�B�i�B�Q�M
�R�y �U�+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �y�X�R �7�`���+�i�B�Q�M �Q�7 �B�M�b�2�`�i�2�/ �B�i�2�K�b �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�V �B�b �`�2�@
�;���`�/�2�/ ���b �m�M�2�t�T�Q�b�2�/ �#�v �A�����Q�`�B �2�- �b�Q �`�2�T�H���+�B�M�; �B�i �r�B�i�? �� �`�2�H�2�p���M�i �B�i�2�K �/�Q�2�b �M�Q�i �K���F�2
�� �/�B�z�2�`�2�M�+�2�X �A�M �i�?�B�b �+���b�2�- �r�2 �+���M�M�Q�i �/�B�`�2�+�i�H�v �+�Q�K�T���`�2 �A�����Q�m�`�i�Q �A�����Q�`�B�B�M �6�B�;�X�9�X�e�- ���b
�i�?�2 �A�����Q�`�B�b�+�Q�`�2�b ���`�2 �p�2�`�v �b�K���H�H ���M�/ �T�`�2�b�2�M�i�2�/ �B�M ���M �2�t�T�Q�M�2�M�i�B���H ���t�B�b�- �r�?�B�+�? �K���F�2�b
�B�i �?���`�/ �i�Q �b�2�2 �i�?�2 �b�+�Q�`�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �y�X�y ���M�/ �y�X�R �7�`���+�i�B�Q�M�b �Q�7 ���`�i�B�}�+�B���H�H�v �B�M�b�2�`�i�2�/
�B�i�2�K�b�X

�A�M �+�Q�M�+�H�m�b�B�Q�M�- �i�?�2 �Q�`�B�;�B�M���H �p�2�`�b�B�Q�M�b �Q�7 �A�����f�A�6�.�f�J�J�1�f�A�A�@�6�f���A�@�6 ���`�2 �B�M�b�2�M�b�B�i�B�p�2
�i�Q �B�M�+�`�2���b�B�M�;�1�7�7���M�/�6���B� �̀b�+�Q�`�2�b�- �r�?�B�H�2 �Q�m�` �+�Q�`�`�2�+�i�B�Q�M�b �i�Q �A�����f�A�6�.�f�A�A�@�6 �`�2�~�2�+�i
�i�?�2 �+�?���M�;�2 �`�2���b�Q�M���#�H�v�X �6�Q�` �b�Q�K�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2�b �U�J�J�1�f���A�@�6�V�- �i�?�2 �+�Q�K�T�`�2�b�b�2�/
�2�K�T�B�`�B�+���H �`���M�;�2 �B�b�b�m�2 �T�2�`�b�B�b�i�b�- �#�m�i �i�?�B�b �B�b�b�m�2 �B�b �M�Q�i �T�`�2�b�2�M�i �7�Q�` �>�.�Q�`�B�f�A�"�P�f�A�q�P�X
�h�?�2�b�2 �}�M�/�B�M�;�b ���`�2 ���H�b�Q �?�2�H�T�7�m�H �B�M �#�2�i�i�2�` �m�M�/�2�`�b�i���M�/�B�M�; �i�?�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �J�J�1�-
���A�@�6�- �>�.�- ���M�/ �A�"�P�f�A�q�P�- �r�?�B�+�? �b�m�z�2�` �7�`�Q�K �i�?�2�M�Q�M�@�`�2���H�B�b���#�B�H�B�i�v�H�B�K�B�i���i�B�Q�M �#�m�i
�?���p�2 �M�Q�i �#�2�2�M �+�Q�`�`�2�+�i�2�/ �7�Q�` �B�i�- �B�X�2�X�- �B�i �B�b �M�Q�i �T�Q�b�b�B�#�H�2 �i�Q �/�2�`�B�p�2 �� �;�2�M�2�`���H �7�Q�`�K�m�H���i�B�Q�M
�Q�7 �i�?�2 �K�Q�b�i �U�m�M�V�7���B�` �`���M�F�B�M�; �7�Q�` �i�?�2�b�2 �K�2���b�m�`�2�b�X �h�?�B�b ���M���H�v�b�B�b �b�?�2�/�b �H�B�;�?�i �Q�M �i�?�2
�F�B�M�/ �Q�7 �`���M�F�B�M�; �i�?���i �T�`�Q�/�m�+�2�b �� �`�2�H���i�B�p�2�H�v �7���B�`�2�` �b�+�Q�`�2 �i�?���M �Q�i�?�2�` �`���M�F�B�M�;�b ���M�/ �i�?�m�b
�+���M �#�2 �m�b�2�/ �i�Q �r�Q�`�F �i�Q�r���`�/�b �� �;�2�M�2�`���H �7�Q�`�K�m�H���i�B�Q�M �Q�7 �i�?�2 �K�Q�b�i �U�m�M�V�7���B�` �`���M�F�B�M�;�X

�k�j���b �T�2�` �i�?�2 �Q�`�B�;�B�M���H �B�K�T�H�2�K�2�M�i���i�B�Q�M �B�M�C�2�m�M�2�M ���M�/ �:�Q�2�i�?���H�b�(�R�y�j�)

�R�d�j



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�9�X�d�:�m�B�/�2�H�B�M�2�b �7�Q�` �J�2���b�m�`�2 �l�b���;�2

�"���b�2�/ �Q�M �i�?�2 �i�?�2�Q�`�2�i�B�+���H ���M���H�v�b�B�b �U���9�X�j�V ���M�/ �i�?�2 �2�K�T�B�`�B�+���H �}�M�/�B�M�;�b �U���9�X�e�V�- �r�2 �7�Q�`�@
�K�m�H���i�2 �/�2�i���B�H�2�/ �;�m�B�/�2�H�B�M�2�b �Q�M �i�?�2 ���T�T�`�Q�T�`�B���i�2 �m�b���;�2 �Q�7 �i�?�2 �`�2�H�2�p���M�+�2�@���r���`�2 �K�2���b�m�`�2�b
�U�b�m�K�K���`�B�b�2�/ �B�M �h���#�X�9�X�3�V�X

�h���#�H�2 �9�X�3�, �6���+�i�Q�`�b �`�2�H���i�2�/ �i�Q �i�?�2 �K�2���b�m�`�2 ���H�B�;�M�K�2�M�i �U���V�- �*�Q�K�T�m�i���#�B�H�B�i�v �U�*�V�- �A�M�@
�i�2�`�T�`�2�i���#�B�H�B�i�v �U�A�V�- �1�t�T�`�2�b�b�B�p�2�M�2�b�b �U�s�V�- �a�i���#�B�H�B�i�v �U�a�V�- ���M�/ �1�{�+�B�2�M�+�v �U�1�V �i�Q �+�Q�M�b�B�/�2�`
�r�?�2�M �b�2�H�2�+�i�B�M�; �`�2�H�2�p���M�+�2�@���r���`�2 �B�i�2�K �7���B�`�M�2�b�b �K�2���b�m�`�2�b�X �a�i���i�2�K�2�M�i�b �`�2�H���i�2�/ �i�Q �U���V
���`�2 �M�2�m�i�`���H�c �i�?�2 �`�2�b�i ���`�2 �/�2�b�B�`���#�H�2�X

�G�2�;�2�M�/
X �, �i�?�2 �b�i���i�2�K�2�M�i ���T�T�H�B�2�b �i�Q �i�?�2 �K�2���b�m�`�2 �B�M �;�2�M�2�`���H

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

�A
���

� �Q
�`

�B

�A
���

� �Q
�m

�`

�A
�6

�. ��
@

�Q
�`

�B

�A
�6

�. ��
@

�Q
�m

�`

�A
�6

�. ��
@

�Q
�`

�B

�A
�6

�. ��
@

�Q
�m

�`

�>
�.

�Q
�`

�B

�J
�J

�1
�Q

�`
�B

�A
�"

�P
�f�

A
�q

�P �Q
�`

�B

�A
�"

�P
�f�

A
�q

�P �Q
�m

�`

�A
�A

�@
�6

�Q
�`

�B

�A
�A

�@
�6

�Q
�m

�`

���
A

�@
�6

�Q
�`

�B

���R�X �h�?�2 �K�2���b�m�`�2 �i�2�M�/�b �i�Q ���;�`�2�2 �r�B�i�? �2�z�2�+�i�B�p�2�M�2�b�b �K�2���b�m�`�2�bX X 7 7 7 7 X 7 7 7 X X 7

���k�X �h�?�2 �K�2���b�m�`�2 �i�2�M�/�b �i�Q ���;�`�2�2 �r�B�i�? �7���B�`�M�2�b�b �K�2���b�m�`�2�b �Q�` �/�B�b���;�`�2�2
�r�B�i�? �2�z�2�+�i�B�p�2�M�2�b�b �K�2���b�m�`�2�b

7 7 X X X X 7 X 7 7 7 7 X

�*�R�X �h�?�2 �K�2���b�m�`�2 �+���M �#�2 �+�Q�K�T�m�i�2�/ �2�p�2�M �B�7 �i�?�2 �7�m�H�H �`���M�F�B�M�; �Q�7 �B�i�2�K�b
�U�M�Q�i �D�m�b�i �i�?�2 �i�Q�T�@k�V �B�b �m�M���p���B�H���#�H�2

7 7 7 7 X X X X X X X X X

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

7 7 7 7 X X 7 X 7 7 X X X

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

7 7 7 7 X X 7 X 7 7 7 7 7

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

X X X X X X X X 7 X X X X

�*�8�X �h�?�2 �K�2���b�m�`�2 �+���M �#�2 �+�Q�K�T�m�i�2�/ �7�Q�` ���M�vk 7 X X X X X X X X X X X X

�A�R�X �h�?�2 �K�2���b�m�`�2 �K���T�b �i�?�2 �m�M�7���B�`�2�b�i ���M�/ �i�?�2 �7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�i�Q �i�?�2 �2�M�/�T�Q�B�M�i�b �Q�7 �B�i�b �i�?�2�Q�`�2�i�B�+���H �`���M�;�2

7 7 7 7 7 7 7 7 7

�A�k�X �h�?�2 �K�2���b�m�`�2 �/�B�b�i�B�M�;�m�B�b�?�2�b �#�2�i�r�2�2�M ���M �B�i�2�K �2�t�T�Q�b�2�/ ���ik ���M�/
���M �m�M�2�t�T�Q�b�2�/ �B�i�2�K ���ik + 1

7 X X X X X X X X X X X X

�s�R�X �h�?�2 �K�2���b�m�`�2 �b�+�Q�`�2�b ���`�2 �M�Q�i �+�Q�K�T�`�2�b�b�2�/ �B�M �� �b�K���H�H �B�M�i�2�`�p���H7 X 7 X 7 X X 7 X X 7 X 7

�s�k�X �h�?�2 �K�2���b�m�`�2 �`�2�b�T�Q�M�/�b �i�Q �+�?���M�;�2�b �B�Mk X X 7 X X X X X X X X X X

�a�R�X �h�?�2 �K�2���b�m�`�2 �B�b �m�M���z�2�+�i�2�/ �#�v �B�i�2�K �`�2�H�2�p���M�+�2 �#�2�v�Q�M�/ �i�?�2 �i�Q�T�@k 7 7 7 7 X X 7 X 7 7 7 7 7

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

7 7 X X X X X X 7 7 7 7 7

�a�j�X �h�?�2 �K�2���b�m�`�2 �B�b �m�M���z�2�+�i�2�/ �#�v �i�B�2�b �B�M �B�i�2�K �`�2�H�2�p���M�+�2X X X X X X 7 X X X X X X

�a�9�X �h�?�2 �K�2���b�m�`�2 �B�b �m�M���z�2�+�i�2�/ �#�v �i�?�2 �M�m�K�#�2�` �Q�7 �m�b�2�`�b �r�B�i�? �Q�M�H�v
�Q�M�2 �`�2�H�2�p���M�i �B�i�2�K

X X 7 7 X X X X X X X X X

�1�R�X �h�?�2 �K�2���b�m�`�2 �+���M �#�2 �+�Q�K�T�m�i�2�/ �b�2�T���`���i�2�H�v �T�2�` �m�b�2�`X X X X X X 7 7 7 7 X X 7

�1�k�X �h�?�2 �K�2���b�m�`�2 �+���M �#�2 �+�Q�K�T�m�i�2�/ �b�2�T���`���i�2�H�v �T�2�` �B�i�2�K7 7 7 7 7 7 7 X X X X X X

�1�j�X �h�?�2 �K�2���b�m�`�2 �B�b �2�{�+�B�2�M�i �i�Q �+�Q�K�T�m�i�2 �U< �e�y �b�V �7�Q�` �H���`�;�2 �/���i���b�2�i�b
�U�2�X�;�X�-> 1�E �m�b�2�`�b ���M�/> 10�E �B�i�2�K�b�V

X X X X 7 7 X 7 X X X X X

�R�d�9



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

���H�B�;�M�K�2�M�i

���H�B�;�M�K�2�M�i �`�2�7�2�`�b �i�Q �i�?�2 �K�2���b�m�`�2�ö�b �i�2�M�/�2�M�+�v �i�Q ���;�`�2�2 �r�B�i�? ���M�Q�i�?�2�` �K�2���b�m�`�2�- �2�X�;�X�- �B�M
�?���p�B�M�; �i�?�2 �b���K�2 �#�2�b�i �K�Q�/�2�H �Q�` �`���M�F�B�M�; �Q�7 �K�Q�/�2�H�b�X �q�2 �}�M�/ �i�?���i �b�Q�K�2 �`�2�H�2�p���M�+�2�@
���r���`�2 �7���B�`�M�2�b�b �K�2���b�m�`�2�b ���H�B�;�M �K�Q�`�2 �r�B�i�? �2�z�2�+�i�B�p�2�M�2�b�b �K�2���b�m�`�2�b�- �b�Q�K�2 ���;�`�2�2 �K�Q�`�2
�r�B�i�? �2�t�T�Q�b�m�`�2�@�#���b�2�/ �K�2���b�m�`�2�b �Ux�9�X�e�X�k�V�- ���M�/ �i�?�2 �`�2�b�i �?���p�2 �B�M�+�Q�M�b�B�b�i�2�M�i ���H�B�;�M�K�2�M�i �i�Q
�i�?�2 �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b�X �"���b�2�/ �Q�M �i�?�2�B�` ���H�B�;�M�K�2�M�i�- �i�?�2 �K�2���b�m�`�2�b �+���M �#�2 �;�`�Q�m�T�2�/
�B�M�i�Q �i�?�`�2�2�, �U�B�V�1�7�7�@���H�B�;�M�2�/ �K�2���b�m�`�2�b �U�A�����f�>�.�f�A�A�@�6�V�c �U�B�B�V�6���B�`�@���H�B�;�M�2�/ �K�2���b�m�`�2�b
�U�A�6�.�f�J�J�1�f���A�@�6�V�- �r�?�B�+�? �2�B�i�?�2�` �b�i�`�Q�M�;�H�v ���;�`�2�2 �r�B�i�?�6���B��̀K�2���b�m�`�2�b �Q�` �/�B�b���;�`�2�2 �r�B�i�?
�1�7�7�K�2���b�m�`�2�b�c ���M�/ �U�B�B�B�V �A�"�P�f�A�q�P�X�k�9 �6�Q�` �b�Q�K�2 �K�2���b�m�`�2�b�- �i�?�2�B�` ���H�B�;�M�K�2�M�i �r�B�i�? �i�?�2
�b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b �+���M �#�2 �2�t�T�H���B�M�2�/ �#���b�2�/ �Q�M �r�?���i �F�B�M�/ �Q�7 �`���M�F�B�M�; �`�2�b�m�H�i�b �B�M
�i�?�2 �K�Q�b�i �U�m�M�V�7���B�` �b�+�Q�`�2�b �U�h���#�X�9�X�9�V�X �6�Q�` �2�t���K�T�H�2�- �A���� ���M�/ �A�A�@�6 ���H�B�;�M �r�B�i�?�1�7�7
�K�2���b�m�`�2�b ���b �T�H���+�B�M�; ���H�H �`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �i�Q�T �r�B�H�H �`�2�b�m�H�i �B�M �i�?�2 �K�Q�b�i �2�z�2�+�i�B�p�2
�`�2�+�Q�K�K�2�M�/���i�B�Q�M�b ���M�/ �i�?�2 �7���B�`�2�b�i �A�����f�A�A�@�6�X �A�M �+�Q�M�i�`���b�i�- �A�6�. �/�B�b���;�`�2�2�b �r�B�i�?�1�7�7
�K�2���b�m�`�2�b�- ���b �`���M�F�B�M�; ���H�H �`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �#�Q�i�i�Q�K �T�`�Q�/�m�+�2�b �i�?�2 �7���B�`�2�b�i �A�6�.�- �#�m�i
�i�?�2 �r�Q�`�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M �2�z�2�+�i�B�p�2�M�2�b�b�X

�P�m�` �b�m�;�;�2�b�i�B�Q�M�b ���`�2 ���b �7�Q�H�H�Q�r�b�,

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

�Ç �S�`�B�Q�`�B�i�B�b�2 �2�p���H�m���i�B�M�; �r�B�i�? �M�Q�M�@�1�7�7�@���H�B�;�M�2�/ �K�2���b�m�`�2�b �U�B�X�2�X�- �A�6�.�f�J�J�1�f���A�@�6�f
�A�"�P�f�A�q�P�V�X �h�v�T�B�+���H�H�v�- �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b ���`�2 �}�`�b�i �2�p���H�m���i�2�/ �r�B�i�?�1�7�7�K�2���@
�b�m�`�2�b�- �b�Q �[�m���M�i�B�7�v�B�M�; �7���B�`�M�2�b�b �r�B�i�?�1�7�7�@���H�B�;�M�2�/ �K�2���b�m�`�2�b �B�b �M�Q�i �2�t�T�2�+�i�2�/ �i�Q
���/�/ �� �M�2�r �T�2�`�b�T�2�+�i�B�p�2�- ���b �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �r�Q�m�H�/ �K�Q�b�i�H�v ���H�B�;�M �r�B�i�? �i�?�2�1�7�7
�K�2���b�m�`�2�b�X

�*�Q�K�T�m�i���#�B�H�B�i�v

�*�Q�K�T�m�i���#�B�H�B�i�v �B�b �i�?�2 �2�t�i�2�M�i �i�Q �r�?�B�+�? �i�?�2 �K�2���b�m�`�2 �+���M �#�2 �+�Q�K�T�m�i�2�/�- �+�Q�M�b�B�/�2�`�B�M�; �i�?���i
�b�Q�K�2 �B�M�7�Q�`�K���i�B�Q�M �`�2�[�m�B�`�2�/ �7�Q�` �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �K���v �M�Q�i �#�2 ���p���B�H���#�H�2�- �Q�` �i�?���i �b�Q�K�2
�/���i���b�2�i �+�Q�K�T�Q�b�B�i�B�Q�M �Q�` �2�t�T�2�`�B�K�2�M�i���H �+�?�Q�B�+�2�b �r�Q�m�H�/ �`�2�M�/�2�` �i�?�2 �K�2���b�m�`�2 �B�M�+�Q�K�T�m�i���#�H�2�X
�:�B�p�2�M �}�p�2 �+�Q�K�T�m�i���#�B�H�B�i�v�@�`�2�H���i�2�/ �+�Q�M�/�B�i�B�Q�M�b �U�*�R���*�8�V�- �Q�M�H�v �A�6�.� ���M�/ �J�J�1 �+���M �#�2
�+�Q�K�T�m�i�2�/ �7�Q�` ���H�H �+���b�2�b�X �h�?�2 �b�2�+�Q�M�/ �õ�#�2�b�i�ö �K�2���b�m�`�2�b �B�M �i�2�`�K�b �Q�7 �+�Q�K�T�m�i���#�B�H�B�i�v ���`�2 �A�A�@�6
���M�/ ���A�@�6�- �r�?�B�+�? �+���M �#�2 �+�Q�K�T�m�i�2�/ �7�Q�` �9 �Q�m�i �Q�7 �8 �+�Q�K�T�m�i���#�B�H�B�i�v�@�`�2�H���i�2�/ �+���b�2�b�X �h�?�2�v

�k�9�a�Q�K�2 �K�2���b�m�`�2�b �B�M �;�`�Q�m�T �U�B�B�V ���;�`�2�2 �r�B�i�? �i�?�2�6���B��̀K�2���b�m�`�2�b �7�Q�` �Q�M�H�v �k�f�9 �/���i���b�2�i�b�X �P�i�?�2�` �K�2���b�m�`�2�b
�B�M �i�?�B�b �;�`�Q�m�T �/�B�b���;�`�2�2 �r�B�i�? �i�?�2�1�7�7�K�2���b�m�`�2�b �7�Q�` �Q�M�H�v �k�f�9 �/���i���b�2�i�b�X

�R�d�8



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�+���M�M�Q�i �#�2 �+�Q�K�T�m�i�2�/ �B�7 �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �`�2�H�2�p���M�i �B�i�2�K�b �T�2�` �m�b�2�` �B�b �m�M�F�M�Q�r�M�X �h�?�2
�K�Q�b�i �`�2�b�i�`�B�+�i�2�/ �K�2���b�m�`�2 �B�M �i�2�`�K�b �Q�7 �+�Q�K�T�m�i���#�B�H�B�i�v �B�b �A�����Q�`�B�- �r�?�B�+�? �+���M �#�2 �+�Q�K�T�m�i�2�/
�Q�M�H�v �B�7 �9�f�8 �+�Q�M�/�B�i�B�Q�M�b ���`�2 �7�m�H�}�H�H�2�/�X ���b �b�m�+�?�- �r�2 ���/�p�B�b�2 �i�?�2 �7�Q�H�H�Q�r�B�M�;�,

�Ç �h�?�2 �K�Q�b�i �~�2�t�B�#�H�2 �+�?�Q�B�+�2�b ���`�2 �A�6�.� �f�J�J�1�- �2�b�T�2�+�B���H�H�v �B�7 �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7
�`�2�H�2�p���M�i �B�i�2�K�b �T�2�` �m�b�2�` �B�b �m�M�F�M�Q�r�M�X �h�?�B�b �K���v �Q�7�i�2�M �#�2 �i�?�2 �+���b�2�- �2�X�;�X�- �B�M �Q�M�H�B�M�2
�2�p���H�m���i�B�Q�M�X �P�i�?�2�`�r�B�b�2�- �A�A�@�6�f���A�@�6 �+���M ���H�b�Q �#�2 �+�Q�K�T�m�i�2�/�X

�Ç ���p�Q�B�/ �m�b�B�M�; �i�?�2 �Q�`�B�;�B�M���H �p�2�`�b�B�Q�M �Q�7 �A���� ���b �i�?�2�`�2 ���`�2 �i�Q�Q �K���M�v �`�2�[�m�B�`�2�K�2�M�i�b�X

�Ç �*�Q�K�T�m�i�2 �i�?�2 �+�Q�`�`�2�+�i�2�/ �p�2�`�b�B�Q�M �Q�7 �A���� �B�M�b�i�2���/�- ���b �B�i �+���M �#�2 �+�Q�K�T�m�i�2�/ �B�M �K�Q�`�2
�+���b�2�b �i�?���M �i�?�2 �Q�`�B�;�B�M���H�X

�A�M�i�2�`�T�`�2�i���#�B�H�B�i�v

�J�2���b�m�`�2 �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v �`�2�7�2�`�b �i�Q �?�Q�r �2���b�B�H�v �r�2 �+���M �m�M�/�2�`�b�i���M�/ �?�Q�r �7���B�` �i�?�2 �`�2�+�@
�Q�K�K�2�M�/���i�B�Q�M �B�b�- �b�B�K�T�H�v �#�v �H�Q�Q�F�B�M�; ���i �i�?�2 �K�2���b�m�`�2 �b�+�Q�`�2�b�X �q�?�2�M �� �K�2���b�m�`�2 �?���b ��
�i�?�2�Q�`�2�i�B�+���H �`���M�;�2 �Q�7 �(�y�-�R�)�- �M�Q�`�K���H�H�v �r�2 �r�Q�m�H�/ �2�t�T�2�+�i �i�?���i �Q�M�2 �2�M�/�T�Q�B�M�i �B�b �K���T�T�2�/ �i�Q
�i�?�2 �m�M�7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M�- ���M�/ ���M�Q�i�?�2�` �i�Q �i�?�2 �7���B�`�2�b�i �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X �l�M�7�Q�`�@
�i�m�M���i�2�H�v�- �i�?�B�b �B�b �M�Q�i �i�?�2 �+���b�2 �7�Q�` ���M�v �Q�7 �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2�b�- ���b �r�2 �?���p�2 ���M���H�v�b�2�/
�B�M ���9�X�j�X �q�?�2�M �r�2 �/�Q �M�Q�i �F�M�Q�r �i�?�2 �2�K�T�B�`�B�+���H ���+�?�B�2�p���#�H�2 �`���M�;�2 �Q�7 �i�?�2 �K�2���b�m�`�2�b�- �B�i �B�b
�?���`�/�2�` �i�Q �m�M�/�2�`�b�i���M�/ �i�?�2 �7���B�`�M�2�b�b �H�2�p�2�H�- ���M�/ �i�?�m�b �K�2���b�m�`�2 �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v �B�b �H�Q�r�2�`�X
�q�2 �?���p�2 �+�Q�`�`�2�+�i�2�/ �A�����- �A�6�.� �- �A�6�.� �- ���M�/ �A�A�@�6�- �b�m�+�? �i�?���i �� �b�+�Q�`�2 �Q�7 �y �K�2���M�b �i�?�2
�7���B�`�2�b�i �T�Q�b�b�B�#�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�- ���M�/ �R �K�2���M�b �i�?�2 �m�M�7���B�`�2�b�i �T�Q�b�b�B�#�H�2 �`�2�+�Q�K�K�2�M�/���@
�i�B�Q�M �B�M �#�B�M���`�v �`�2�H�2�p���M�+�2 ���M�/ �b�B�M�;�H�2�@�`�Q�m�M�/ �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�+�2�M���`�B�Q�b�X

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

�"���b�2�/ �Q�M �i�?�2 ���#�Q�p�2�- �r�2 �b�m�;�;�2�b�i �i�?�2 �7�Q�H�H�Q�r�B�M�;�,

�Ç �6�Q�` �#�B�M���`�v �`�2�H�2�p���M�+�2 ���M�/ �b�B�M�;�H�2�@�`�Q�m�M�/ �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�- �T�`�B�Q�`�B�i�B�b�2 �+�Q�K�T�m�i�B�M�;
�A�����Q�m�`�- �A�6�.�Q�m�`�- �Q�` �A�A�@�6�Q�m�`�- ���b �i�?�2�v ���`�2 �K�Q�`�2 �B�M�i�2�`�T�`�2�i���#�H�2 �i�?���M �i�?�2 �`�2�b�i�X

�Ç ���H�r���v�b �+�Q�K�T�m�i�2 �A�����Q�m�`�Q�p�2�` �A�����Q�`�B�- ���b �i�?�2 �H���i�i�2�` �[�m���M�i�B�}�2�b �2�t�T�Q�b�m�`�2 �B�M �� �7���m�H�i�v
�r���v�X

�Ç �h�?�2 �`�2�b�i �Q�7 �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2�b �+���M �i�2�+�?�M�B�+���H�H�v �b�i�B�H�H �#�2 �m�b�2�/ �i�Q �+�Q�K�T���`�2 �r�?�B�+�?
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �7���B�`�2�`�- �#�m�i �M�Q�i �7�Q�` �[�m���M�i�B�7�v�B�M�; �?�Q�r �+�H�Q�b�2 �i�?�2 �`�2�+�Q�K�K�2�M�/���@
�i�B�Q�M �B�b �i�Q �i�?�2 �U�m�M�V�7���B�`�2�b�i �T�Q�b�b�B�#�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�X

�R�d�e



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�1�t�T�`�2�b�b�B�p�2�M�2�b�b

�1�t�T�`�2�b�b�B�p�2�M�2�b�b �`�2�7�2�`�b �i�Q �?�Q�r �K�m�+�? �i�?�2 �K�2���b�m�`�2 �b�+�Q�`�2�b �+���M �+�?���M�;�2 �B�M �[�m���M�i�B�7�v�B�M�;
�7���B�`�M�2�b�b �7�Q�` �p���`�B�Q�m�b �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �B�i�2�K �2�t�T�Q�b�m�`�2 ���M�/ �B�i�2�K �`�2�H�2�p���M�+�2�X ���M �2�t�T�`�2�b�b�B�p�2
�K�2���b�m�`�2 �B�b �/�2�b�B�`���#�H�2�- ���b �B�i�b �b�+�Q�`�2 �+���M �#�2 �2���b�B�H�v �/�B�b�i�B�M�;�m�B�b�?���#�H�2 �7�Q�` �/�B�z�2�`�2�M�i �`���M�F�B�M�;�b�X
�q�2 �}�M�/ �i�?���i �K�Q�b�i �Q�`�B�;�B�M���H �`�2�H�2�p���M�+�2�@���r���`�2 �K�2���b�m�`�2�b �U�A�����f�A�6�.�f�J�J�1�f�A�A�@�6�f���A�@�6�V�-
�2�b�T�2�+�B���H�H�v �A�6�.� �f�J�J�1�f���A�@�6 ���`�2 �M�Q�i �2�t�T�`�2�b�b�B�p�2 �2�M�Q�m�;�?�- ���b �i�?�2�B�` �b�+�Q�`�2�b ���`�2 ���H�K�Q�b�i
���H�r���v�b �+�H�Q�b�2 �i�Q �i�?�2 �7���B�`�2�b�i �2�p�2�M �r�?�2�M �i�?�2 �B�i�2�K�b ���`�2 �K�Q�b�i�H�v �B�`�`�2�H�2�p���M�i ���M�/ �m�M�7���B�` �#���b�2�/
�Q�M �i�?�2 �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b �Q�7�1�7�7���M�/�6���B�`�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- �i�?�2�B�` �b�+�Q�`�2�b �i�2�M�/
�i�Q �#�2 �+�Q�K�T�`�2�b�b�2�/ �i�Q �i�?�2 �H�Q�r �2�M�/ �Q�7 �i�?�2�B�` �`���M�;�2�- �K�B�b�H�2���/�B�M�; �m�b �B�M�i�Q �i�?�B�M�F�B�M�; �i�?���i �i�?�2
�`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �2�t�i�`�2�K�2�H�v �7���B�`�- �2�p�2�M �r�?�2�M �#�Q�i�?�1�7�7���M�/�6���B� �̀b�+�Q�`�2�b ���`�2 ���H�K�Q�b�i
�i�?�2 �r�Q�`�b�i �T�Q�b�b�B�#�H�2�X

�6�m�`�i�?�2�`�- �i�?�2�v ���`�2 �H�2�b�b �`�2�b�T�Q�M�b�B�p�2 �i�Q �+�?���M�;�2�b �B�M �i�?�2 �B�i�2�K �2�t�T�Q�b�m�`�2 ���M�/ �`�2�H�2�p���M�+�2
�/�B�b�i�`�B�#�m�i�B�Q�M �i�?���M �i�?�2 �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �i�?�2�B�` �b�+�Q�`�2�b ���`�2 �?���`�/�2�`
�i�Q �/�B�b�i�B�M�;�m�B�b�? ���+�`�Q�b�b �`�m�M�b ���M�/ �M�2�2�/ �i�Q �#�2 �+�Q�K�T�m�i�2�/ ���i �?�B�;�?�2�` �T�`�2�+�B�b�B�Q�M �U�B�X�2�X�- �K�Q�`�2
�/�2�+�B�K���H �T�H���+�2�b�V �b�Q �i�?���i �i�?�2�v �+���M �#�2 �/�B�b�i�B�M�;�m�B�b�?�2�/�X �h�?�2 �b�+�Q�`�2�b �+���M ���H�b�Q �#�2 �2���b�B�H�v
�K�B�b�B�M�i�2�`�T�`�2�i�2�/�X �6�Q�` �2�t���K�T�H�2�- �i�r�Q �K�Q�/�2�H�b �r�B�i�? �� �/�B�z�2�`�2�M�+�2 �Q�7 �Q�M�H�v �y�X�y�y�R �B�M �i�?�2 �b�+�Q�`�2�b
�+���M �#�2 �B�M�i�2�`�T�`�2�i�2�/ �i�Q �?���p�2 �b�B�K�B�H���` �T�2�`�7�Q�`�K���M�+�2�- �2�p�2�M �B�7 �i�?�2 �K�2���b�m�`�2 �?���b �� �b�K���H�H
�2�K�T�B�`�B�+���H �`���M�;�2 ���M�/ �B�b �M�Q�i �p�2�`�v �b�2�M�b�B�i�B�p�2 �i�Q �#�2�;�B�M �r�B�i�?�X �*�Q�`�`�2�+�i�B�M�; �A�����f�A�6�.�f�A�A�@�6
�`�2�b�Q�H�p�2�b �i�?�2 �B�b�b�m�2�b �B�M �i�?�2 �Q�`�B�;�B�M���H �K�2���b�m�`�2�b�X �6�Q�` �Q�i�?�2�` �K�2���b�m�`�2�b�- �i�?�2 �B�b�b�m�2 �+���M �#�2
�`�2�b�Q�H�p�2�/ �#�v �M�Q�`�K���H�B�b�B�M�; �i�?�2 �b�+�Q�`�2�b �#���b�2�/ �Q�M �Q�#�b�2�`�p�2�/ �p���H�m�2�b �Q�7 �i�?�2 �K�2���b�m�`�2�b �(�k�j�9�)�X

�q�2 ���H�b�Q �H�Q�Q�F �B�M�i�Q �i�?�2 �K�2���b�m�`�2 �2�t�T�`�2�b�b�B�p�2�M�2�b�b �B�M �i�2�`�K�b �Q�7 �i�?�2 �+�?�Q�B�+�2 �Q�7 �i�?�2 �+�m�i�@�Q�z
k�X �A�6�.� �@�Q�`�B�B�b �i�?�2 �Q�M�H�v �K�2���b�m�`�2 �i�?���i �B�b �B�M�b�2�M�b�B�i�B�p�2 �i�Q �i�?�2 �+�?���M�;�2 �B�Mk �/�m�2 �i�Q �i�?�2
�i�Q�T�@k�@�B�M�b�2�M�b�B�i�B�p�B�i�v�H�B�K�B�i���i�B�Q�M�- �r�?�B�H�2 �Q�i�?�2�` �K�2���b�m�`�2�b�- �B�M�+�H�m�/�B�M�; �A�6�.� �@�Q�m�`�- �/�Q �M�Q�i
�?���p�2 �i�?�B�b �B�b�b�m�2�X

�h�?�m�b�- �+�Q�M�+�2�`�M�B�M�; �i�?�2 �K�2���b�m�`�2 �2�t�T�`�2�b�b�B�p�2�M�2�b�b�- �r�2 �2�M�+�Q�m�`���;�2 �i�Q�,

�Ç �*�Q�K�T�m�i�2 �>�.�Q�`�B�f�A�"�P�f�A�q�P �Q�` �A�����Q�m�`�f�A�6�.�Q�m�`�f�A�A�@�6�Q�m�`�- ���b �i�?�2�v ���`�2 �K�Q�`�2 �2�t�T�`�2�b�@
�b�B�p�2 �i�?���M �i�?�2 �Q�i�?�2�`�b�X

�Ç ���p�Q�B�/ �+�Q�K�T�m�i�B�M�; �i�?�2 �Q�`�B�;�B�M���H �A�6�.� �f�J�J�1�f���A�@�6�- ���b �i�?�2�v ���`�2 �2�t�i�`�2�K�2�H�v �B�M�2�t�@
�T�`�2�b�b�B�p�2�X

�Ç �"�2 ���r���`�2 �Q�7 �T�Q�i�2�M�i�B���H �K�B�b�B�M�i�2�`�T�`�2�i���i�B�Q�M �B�M �K�2���b�m�`�2�b �r�B�i�? �b�K���H�H �2�K�T�B�`�B�+���H �b�+���H�2�b
�U#�A�����Q�`�B�f�A�6�.�Q�`�B�f�J�J�1 �Q�`�B�f�A�A�@�6�Q�`�B�f���A�@�6�Q�`�B�V�- ���b �i�?�2�v �Q�7�i�2�M �b�+�Q�`�2 �p�2�`�v �+�H�Q�b�2 �i�Q �y�X

�Ç �_�2�7�`���B�M �7�`�Q�K �+�Q�K�T�m�i�B�M�; �A�6�.� �@�Q�`�B�- �m�M�H�2�b�b �r�?�2�M �2�p���H�m���i�B�M�; �Q�M �i�?�2 �7�m�H�H�f�m�M�i�`�m�M�@
�+���i�2�/ �`���M�F�B�M�;�b�X

�R�d�d



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�a�i���#�B�H�B�i�v

�J�2���b�m�`�2 �b�i���#�B�H�B�i�v �`�2�7�2�`�b �i�Q �i�?�2 �K�2���b�m�`�2 �#�2�B�M�; �m�M���z�2�+�i�2�/ �#�v �+�2�`�i���B�M �+�Q�M�/�B�i�B�Q�M�b �i�?���i
�b�?�Q�m�H�/ �M�Q�i �+�?���M�;�2 �i�?�2 �K�2���b�m�`�2 �b�+�Q�`�2�X �h�?�2 �+�Q�M�/�B�i�B�Q�M�b ���`�2�, �?���p�B�M�; ���/�/�B�i�B�Q�M���H �`�2�H�2�p���M�i
�B�i�2�K�b �#�2�v�Q�M�/ �i�?�2 �i�Q�T�@k �U�a�R���a�k�V�- �?���p�B�M�; �i�B�2�b �B�M �i�?�2 �B�i�2�K�b�ö �;�`�Q�m�M�/ �i�`�m�i�? �`�2�H�2�p���M�+�2
�U�a�j�V�- ���M�/ �?���p�B�M�; �m�b�2�`�b �r�B�i�? �Q�M�H�v �Q�M�2 �`�2�H�2�p���M�i �B�i�2�K �U�a�9�V�X �6�Q�` �a�R���a�k�- �B�M �+�Q�K�K�Q�M �_�a
�/���i���b�2�i�b�- �K�Q�b�i �m�b�2�`�b �Q�M�H�v �?���p�2 �� �7�2�r �`�2�H�2�p���M�i �B�i�2�K�b �2���+�?�X �>�2�M�+�2�- �_�a �7���B�`�M�2�b�b �2�p���H�@
�m���i�B�Q�M �K���v �b�m�z�2�` �7�`�Q�K �~�m�+�i�m���i�B�Q�M�b �B�7 �i�?�2�`�2 ���`�2 �K�Q�`�2 �`�2�H�2�p���M�i �B�i�2�K�b �i�?���M �2�t�T�2�+�i�2�/�-
�2�p�2�M �B�7 �i�?�2�b�2 �`�2�H�2�p���M�i �B�i�2�K�b ���`�2 �M�Q�i �B�M �i�?�2 �i�Q�T�@k�X �6�Q�` �a�k�- �;�B�p�2�M �K�Q�`�2 �`�2�H�2�p���M�i �B�i�2�K�b
�#�2�v�Q�M�/ �i�?�2 �i�Q�T�@k�- �r�2 �/�2�b�B�`�2 �K�2���b�m�`�2�b �i�?���i �`�2�K���B�M �+�Q�M�b�i���M�i �Q�` �#�2�+�Q�K�2 �7���B�`�2�` �i�Q ���p�Q�B�/
�Q�p�2�`�2�b�i�B�K���i�B�M�; �7���B�`�M�2�b�b�X �A�M �T�`���+�i�B�+�2�- �r�2 �K���v �M�Q�i �F�M�Q�r �i�?�2 �M�m�K�#�2�` �Q�7 ���/�/�B�i�B�Q�M���H
�`�2�H�2�p���M�i �B�i�2�K�b�X �A�7 �i�?�2 �K�2���b�m�`�2 �#�2�+�Q�K�2�b �m�M�7���B�`�2�` �r�B�i�? �K�Q�`�2 �`�2�H�2�p���M�i �B�i�2�K�b �#�2�v�Q�M�/
�i�?�2 �i�Q�T�@k�- �7���B�`�M�2�b�b �B�b �Q�p�2�`�2�b�i�B�K���i�2�/ �#���b�2�/ �Q�M �i�?�2 �2�t�B�b�i�B�M�; �B�i�2�K �`�2�H�2�p���M�+�2�X �h�?�m�b�- �B�i �B�b
�#�2�i�i�2�` �i�Q �?���p�2 �� �b�+�Q�`�2 �i�?���i �+���M �;�m���`���M�i�2�2 �i�?���i �i�?�2 �b�+�Q�`�2 �r�B�H�H �M�Q�i �#�2�+�Q�K�2 �K�Q�`�2 �m�M�7���B�`
�B�M �+���b�2 �Q�7 ���/�/�B�i�B�Q�M���H �`�2�H�2�p���M�i �B�i�2�K�b �#�2�v�Q�M�/ �i�?�2 �i�Q�T�@k�X �6�Q�` �a�j�- �b�Q�`�i�B�M�; �B�i�2�K�b �#���b�2�/ �Q�M
�i�?�2�B�` �;�`�Q�m�M�/ �i�`�m�i�? �`�2�H�2�p���M�+�2 �i�Q �+�Q�K�T�m�i�2 �>�. �B�M�i�`�Q�/�m�+�2�b �b�Q�K�2 �M�Q�B�b�2 �/�2�T�2�M�/�B�M�; �Q�M �i�?�2
�b�Q�`�i�B�M�; ���H�;�Q�`�B�i�?�K�- �2�b�T�2�+�B���H�H�v �r�?�2�M �i�?�2�`�2 ���`�2 �K���M�v �B�i�2�K�b �r�B�i�? �i�?�2 �b���K�2 �`�2�H�2�p���M�+�2�X
�6�Q�` �a�9�- �A�6�.� ���m�i�Q�K���i�B�+���H�H�v �;�B�p�2�b �i�?�2 �7���B�`�2�b�i �b�+�Q�`�2 �U�y�V �r�?�2�M �� �m�b�2�` �Q�M�H�v �?���b �R �`�2�H�2�p���M�i
�B�i�2�K�- �T�m�H�H�B�M�; �i�?�2 �b�+�Q�`�2 �/�Q�r�M �r�?�2�M �i�?�2�`�2 �B�b �� �H���`�;�2 �T�2�`�+�2�M�i���;�2 �Q�7 �b�m�+�? �m�b�2�`�b�X �P�m�i �Q�7 ���H�H
�b�i���#�B�H�B�i�v�@�`�2�H���i�2�/ �+�Q�M�/�B�i�B�Q�M�b�- �a�9 �B�b �i�?�2 �2���b�B�2�b�i �i�Q �?���M�/�H�2�- ���b �m�b�2�`�b �r�B�i�? �Q�M�H�v �R �`�2�H�2�p���M�i
�B�i�2�K �+���M �#�2 �2�t�+�H�m�/�2�/ �7�`�Q�K �i�?�2 �+�Q�K�T�m�i���i�B�Q�M�- ���b �A�6�.� �B�b �� �T���B�`�r�B�b�2 �K�2���b�m�`�2�X �P�p�2�`���H�H�-
�Q�M�H�v �A�6�.� ���M�/ �J�J�1 ���`�2 �b�i���#�H�2 ���;���B�M�b�i �i�?�2 �7�Q�m�` �b�i���#�B�H�B�i�v�@�`�2�H���i�2�/ �+�Q�M�/�B�i�B�Q�M�b�X

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

�Ç �*�Q�K�T�m�i�2 �A�6�.� ���M�/ �J�J�1�- ���b �i�?�2�v ���`�2 �i�?�2 �K�Q�b�i �b�i���#�H�2 ���M�/ �i�?�2 �`�2�K���B�M�B�M�;
�K�2���b�m�`�2�b ���`�2 �Q�M�H�v �b�i���#�H�2 ���;���B�M�b�i �k�f�9 �b�i���#�B�H�B�i�v�@�`�2�H���i�2�/ �+�Q�M�/�B�i�B�Q�M�b�X

�Ç �>�. �b�?�Q�m�H�/ �B�/�2���H�H�v �M�Q�i �#�2 �m�b�2�/ �7�Q�` �+���b�2�b �r�?�2�`�2 �i�?�2 �B�i�2�K�b�ö �;�`�Q�m�M�/ �i�`�m�i�? �`�2�H�2�p���M�+�2
�p���H�m�2�b �B�M�+�H�m�/�2 �� �H�Q�i �Q�7 �i�B�2�b�X

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

�1�{�+�B�2�M�+�v

�A�b �i�?�2 �K�2���b�m�`�2 �+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2�\ �*���M �b�Q�K�2 �T���`�i�b �Q�7 �i�?�2 �+�Q�K�T�m�i���i�B�Q�M
�#�2 �T�Q�i�2�M�i�B���H�H�v �T���`���H�H�2�H�B�b�2�/�\ �>�2�`�2�- �r�2 �/�B�b�+�m�b�b �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �2�{�+�B�2�M�+�v �Q�7 �i�?�2
�K�2���b�m�`�2�b ���M�/ �i�?�2 �T�Q�i�2�M�i�B���H �i�Q �+�Q�K�T�m�i�2 �i�?�2�K �B�M �� �K�Q�`�2 �2�{�+�B�2�M�i �K���M�M�2�`�X �J�Q�b�i
�`�2�H�2�p���M�+�2�@���r���`�2 �K�2���b�m�`�2�b ���`�2 �`�2�H���i�B�p�2�H�v �+�?�2���T �i�Q �+�Q�K�T�m�i�2 �U�m�M�/�2�` �e�y �b�2�+�Q�M�/�b �T�2�`

�R�d�3



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�K�Q�/�2�H�- �T�2�` �/���i���b�2�i�- �#���b�2�/ �Q�M �i�?�2 �K�2���b�m�`�2 �+�Q�K�T�m�i���i�B�Q�M �i�B�K�2 �B�M�_���K�T�B�b�2�H�� �2�i ���H�X�(�R�3�R�)�V�-
�2�t�+�2�T�i �7�Q�` �J�J�1 ���M�/ �A�6�.� �X�k�8 �"�Q�i�? �J�J�1 ���M�/ �A�6�.� ���`�2 �+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2
���b �i�?�2�v ���`�2 �T���B�`�r�B�b�2 �K�2���b�m�`�2�b�X �*�Q�K�T�m�i�B�M�; �J�J�1 �+���M �i���F�2 �m�T �i�Q �j�y �K�B�M�m�i�2�b �7�Q�`
�H���`�;�2�` �/���i���b�2�i�b�- �r�?�B�H�2 �A�6�.� �B�b �b�H�B�;�?�i�H�v �7���b�i�2�` �U� �R�k �K�B�M�b�V�X �>�Q�r�2�p�2�`�- �r�2 �M�Q�i�2 �i�?���i
�i�?�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7 �#�Q�i�? �K�2���b�m�`�2�b �+���M ���H�b�Q �#�2 �T���`���H�H�2�H�B�b�2�/�- ���b �i�?�2 �b�+�Q�`�2�b �+���M �}�`�b�i �#�2
�+�Q�K�T�m�i�2�/ �2�B�i�?�2�` �T�2�` �m�b�2�` �Q�` �B�i�2�K �T�`�B�Q�` �i�Q �i�?�2 ���;�;�`�2�;���i�B�Q�M�X �h�?�2�`�2�7�Q�`�2�- �B�M �i�2�`�K�b �Q�7
�+�Q�K�T�m�i���i�B�Q�M���H �2�{�+�B�2�M�+�v�- �Q�m�` �b�m�;�;�2�b�i�B�Q�M�b ���`�2 ���b �7�Q�H�H�Q�r�b�,

�Ç ���p�Q�B�/ �+�Q�K�T�m�i�B�M�; �J�J�1 ���M�/ �A�6�.� �7�Q�` �/���i���b�2�i�b �r�B�i�? �K���M�v �B�i�2�K�b�X

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

�6�B�M���H �b�m�;�;�2�b�i�B�Q�M�b

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

�Ç ���K�Q�M�; ���H�H �`�2�H�2�p���M�+�2�@���r���`�2 �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �K�2���b�m�`�2�b�- �+�Q�K�T�m�i�B�M�; �A�6�.� �@�Q�m�`

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

�Ç �A�"�P�Q�m�`�f�A�q�P�Q�m�`���`�2 �;�Q�Q�/ ���H�i�2�`�M���i�B�p�2�b�- ���b �i�?�2�v ���H�B�;�M �r�B�i�? �M�2�B�i�?�2�`�1�7�7�M�Q�`�6���B�`
�K�2���b�m�`�2�b�- �b�m�;�;�2�b�i�B�M�; �i�?���i �i�?�2�v �[�m���M�i�B�7�v �� �/�B�z�2�`�2�M�i �2�p���H�m���i�B�Q�M �/�B�K�2�M�b�B�Q�M �7�`�Q�K
�i�?�2 �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b�X �A�"�P�Q�m�`�f�A�q�P�Q�m��̀��H�b�Q �/�Q �M�Q�i �b�m�z�2�` �7�`�Q�K �2�t�T�`�2�b�b�B�p�2�@
�M�2�b�b �Q�` �2�{�+�B�2�M�+�v �B�b�b�m�2�b�X

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

�k�8�h�?�2 �+�Q�K�T�m�i���i�B�Q�M �i�B�K�2 �Q�7 �A�6�. �B�b �#���b�2�/ �Q�M �Q�m�` �2�t�T�2�`�B�K�2�M�i�b ���9�X�e�X�j�X

�R�d�N



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�9�X�3�_�2�H���i�2�/ �q�Q�`�F

�6���B�`�M�2�b�b �2�p���H�m���i�B�Q�M �B�M �`���M�F�B�M�; ���M�/ �_�a�b

�h�?�2�`�2 �2�t�B�b�i �K���M�v �b�m�`�p�2�v�b �Q�M �7���B�`�M�2�b�b �B�M �`���M�F�B�M�; �Q�` �b�T�2�+�B�}�+���H�H�v �B�M �_�a�b �(�R�- �N�- �8�9�-
�R�j�j�-�R�d�j�-�k�y�N�-�k�k�3�-�k�j�d�-�k�8�k�)�X �J�Q�b�i �Q�7 �i�?�2�K �T�`�Q�p�B�/�2 �� �;�2�M�2�`���H �Q�p�2�`�p�B�2�r �Q�7 �?�Q�r �7���B�`�@
�M�2�b�b �B�b �[�m���M�i�B�}�2�/ �#���b�2�/ �Q�M �p���`�B�Q�m�b �/�B�K�2�M�b�B�Q�M�b�- �2�X�;�X�- �b�i���F�2�?�Q�H�/�2�`�b ���M�/ �;�`���M�m�H���`�B�i�v�-
�v�2�i �M�Q�M�2 �?���b �T�`�Q�p�B�/�2�/ ���M �B�M�@�/�2�T�i�? ���M���H�v�b�B�b �Q�M �i�?�2 �2�t�B�b�i�B�M�; �7���B�`�M�2�b�b �K�2���b�m�`�2�b�X ���b�B�/�2
�7�`�Q�K �i�?�2 �b�m�`�p�2�v �T���T�2�`�b�- �i�?�2�`�2 �B�b �Q�i�?�2�` �T�`�B�Q�` �r�Q�`�F �i�?���i ���`�2 �+�H�Q�b�2�` �i�Q �Q�m�`�b�X�*�?�2�`�m�K���M���H
�2�i ���H�X�(�9�y�) ���M���H�v�b�2�/ �i�?�2 ���;�`�2�2�K�2�M�i �#�2�i�r�2�2�M �`�2�H�2�p���M�+�2�- �7���B�`�M�2�b�b�- ���M�/ �/�B�p�2�`�b�B�i�v �K�2���b�m�`�2�b
�B�M �i�?�2 ���`�;�m�K�2�M�i �`�2�i�`�B�2�p���H �i���b�F�X ���/�/�B�i�B�Q�M���H�H�v�- �T�`�2�p�B�Q�m�b �r�Q�`�F �?���b �B�M�p�2�b�i�B�;���i�2�/ �#�Q�i�? �i�?�2
�i�?�2�Q�`�2�i�B�+���H ���M�/ �2�K�T�B�`�B�+���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �7���B�`�M�2�b�b �K�2���b�m�`�2�b �B�M �`���M�F�B�M�; �(�R�d�8�-�R�d�d�-�R�N�3�)�X
�a�B�K�B�H���` �i�Q �Q�m�` �r�Q�`�F�- �T�`�2�p�B�Q�m�b �r�Q�`�F �?�B�;�?�H�B�;�?�i�b �i�?�2 �H�B�K�B�i���i�B�Q�M�b �Q�7 �2�t�B�b�i�B�M�; �K�2���b�m�`�2�b �B�M
�p���`�B�Q�m�b �T�`���+�i�B�+���H �b�2�i�i�B�M�;�b ���M�/ �T�`�Q�p�B�/�2�b �� �#�2�i�i�2�` �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �i�?�2 �/�B�b�i�B�M�+�i�B�p�2 �r���v�b
�B�M �r�?�B�+�? �i�?�2 �K�2���b�m�`�2�b �[�m���M�i�B�7�v �7���B�`�M�2�b�b�X �>�Q�r�2�p�2�`�- �i�?�2 �;�`���M�m�H���`�B�i�v �Q�7 �i�?�2 �K�2���b�m�`�2�b
�/�B�z�2�`�b�,�a�+�?�m�K���+�?�2�` �2�i ���H�X�(�R�N�3�) ���M�/�_���D ���M�/ �1�F�b�i�`���M�/�(�R�d�8�) �7�Q�+�m�b �Q�M �2�p���H�m���i�B�Q�M �K�2���@
�b�m�`�2�b �7�Q�` �;�`�Q�m�T �7���B�`�M�2�b�b�- �r�?�2�`�2���b �r�2 �7�Q�+�m�b �Q�M �B�M�/�B�p�B�/�m���H �7���B�`�M�2�b�b �K�2���b�m�`�2�b�X�_���K�T�B�b�2�H��
�2�i ���H�X�(�R�d�d�) ���H�b�Q �b�i�m�/�v �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b�- �#�m�i �i�?�2�v �2�t���K�B�M�2 �Q�M�H�v �2�t�T�Q�b�m�`�2�@�#���b�2�/
�7���B�`�M�2�b�b �K�2���b�m�`�2�b �i�?���i ���`�2 �/�2�i���+�?�2�/ �7�`�Q�K �`�2�H�2�p���M�+�2�- �r�?�B�H�2 �r�2 �B�M�p�2�b�i�B�;���i�2 �K�2���b�m�`�2�b
�i�?���i �D�Q�B�M�i�H�v ���+�+�Q�m�M�i �7�Q�` �#�Q�i�? �B�i�2�K �2�t�T�Q�b�m�`�2 ���M�/ �B�i�2�K �`�2�H�2�p���M�+�2�X

�:�`�Q�m�T �7���B�`�M�2�b�b ���M�/ �B�M�/�B�p�B�/�m���H �7���B�`�M�2�b�b

�"���b�2�/ �Q�M �i�?�2 �;�`���M�m�H���`�B�i�v�- �_�a �7���B�`�M�2�b�b �+���M �2�B�i�?�2�` �#�2 �2�p���H�m���i�2�/ ���i �i�?�2 �;�`�Q�m�T �Q�` �B�M�/�B�@
�p�B�/�m���H �H�2�p�2�H�- ���H�i�?�Q�m�;�? �K�Q�b�i �2�t�B�b�i�B�M�; �r�Q�`�F �7�Q�+�m�b�2�b �Q�M �i�?�2 �7�Q�`�K�2�` �(�8�9�)�X �:�`�Q�m�T �7���B�`�M�2�b�b
�B�b �/�2�}�M�2�/ ���b �T�`�Q�p�B�/�B�M�; �b�B�K�B�H���` �i�`�2���i�K�2�M�i �i�Q �#�Q�i�? �/�Q�K�B�M���M�i ���M�/ �T�`�Q�i�2�+�i�2�/ �;�`�Q�m�T�b
�U�2�X�;�X�- �;�2�M�/�2�` �K�B�M�Q�`�B�i�v�V �(�8�9�-�e�8�)�- �r�?�B�H�2 �B�M�/�B�p�B�/�m���H �7���B�`�M�2�b�b �B�b �/�2�}�M�2�/ ���b �2�M�b�m�`�B�M�; �i�?���i
�b�B�K�B�H���` �B�M�/�B�p�B�/�m���H�b �`�2�+�2�B�p�2 �b�B�K�B�H���` �i�`�2���i�K�2�M�i �(�e�j�)�X �1�p���H�m���i�B�M�; �B�M�/�B�p�B�/�m���H �7���B�`�M�2�b�b �?���b
�b�2�p�2�`���H �#�2�M�2�}�i�b �Q�p�2�` �;�`�Q�m�T �7���B�`�M�2�b�b�X �6�B�`�b�i�H�v�- �B�M�/�B�p�B�/�m���H �7���B�`�M�2�b�b �2�p���H�m���i�B�Q�M �/�Q�2�b �M�Q�i
�M�2�2�/ �b�2�M�b�B�i�B�p�2 �/�2�K�Q�;�`���T�?�B�+ �B�M�7�Q�`�K���i�B�Q�M �U�2�X�;�X�- �;�2�M�/�2�`�- �`���+�2�V�- �r�?�B�+�? �B�b �Q�7�i�2�M �m�b�2�/ �7�Q�`
�;�`�Q�m�T �7���B�`�M�2�b�b �2�p���H�m���i�B�Q�M �(�R�k�9�)�- �#�m�i �K���v �M�Q�i �#�2 �`�2���/�B�H�v ���p���B�H���#�H�2 �/�m�2 �i�Q �T�`�B�p���+�v �Q�`
�H�2�;���H �B�b�b�m�2�b�X �a�2�+�Q�M�/�H�v�- �2�p���H�m���i�B�M�; �B�M�/�B�p�B�/�m���H �7���B�`�M�2�b�b �T�`�Q�p�B�/�2�b �� �K�Q�`�2 �+�Q�K�T�`�2�?�2�M�@
�b�B�p�2 �Q�p�2�`�p�B�2�r �#�v �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M ���+�`�Q�b�b ���H�H �B�M�/�B�p�B�/�m���H�b �(�R�k�9�)�- �`���i�?�2�` �i�?���M
�Q�M�H�v �+�Q�M�b�B�/�2�`�B�M�; �� �7�2�r �;�`�Q�m�T�b�- �r�?�B�+�? �+���M �#�2 �i�Q�Q �b�B�K�T�H�B�b�i�B�+ ���b �i�?�2 �;�`�Q�m�T�B�M�; �K���v �M�Q�i
���+�+�m�`���i�2�H�v �`�2�T�`�2�b�2�M�i �i�?�2 �B�M�/�B�p�B�/�m���H�b�ö �r�?�Q�H�2 �B�/�2�M�i�B�i�v �(�8�9�-�e�8�)�X

�R�3�y



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

���+�+�Q�m�M�i�B�M�; �7�Q�` �`�2�H�2�p���M�+�2 ���M�/ �2�t�T�Q�b�m�`�2 �7���B�`�M�2�b�b �D�Q�B�M�i�H�v

�P�i�?�2�` �i�?���M �m�b�B�M�; ���M �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�T�2�` �b�2�- �D�Q�B�M�i�H�v �[�m���M�i�B�7�v�B�M�; �B�i�2�K �`�2�H�2�p���M�+�2 ���M�/
�2�t�T�Q�b�m�`�2 �+���M ���H�b�Q �#�2 �/�Q�M�2 �i�?�`�Q�m�;�? �Q�i�?�2�` ���T�T�`�Q���+�?�2�b�X�*�?�2�`�m�K���M���H �2�i ���H�X�(�9�y�) �+�Q�K�T�m�i�2
�i�?�2 �?���`�K�Q�M�B�+ �K�2���M �Q�7 �`�2�H�2�p���M�+�2 ���M�/ �2�t�T�Q�b�m�`�2�@�#���b�2�/ �7���B�`�M�2�b�b �K�2���b�m�`�2�b �i�Q �`���M�F �i�?�2
�b�v�b�i�2�K�b �#���b�2�/ �Q�M �#�Q�i�? ���b�T�2�+�i�b�- �r�?�B�H�2�_���K�T�B�b�2�H�� �2�i ���H�X�(�R�3�R�) �+�Q�K�T���`�2 �i�?�2 �K�Q�/�2�H
�b�+�Q�`�2�b �i�Q �i�?�2 �S���`�2�i�Q �6�`�Q�M�i�B�2�`�- �r�?�B�+�? �+�Q�M�b�B�/�2�`�b �i�?�2 �i�`���/�2�@�Q�z �#�2�i�r�2�2�M �`�2�H�2�p���M�+�2 ���M�/
�7���B�`�M�2�b�b�X �"�2�v�Q�M�/ �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b�- �i�?�2�`�2 ���`�2 �Q�i�?�2�` �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�b �i�?���i
�D�Q�B�M�i�H�v �[�m���M�i�B�7�v �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b�X�:���Q �2�i ���H�X�(�d�N�) �B�M�i�`�Q�/�m�+�2 �� �K�2���b�m�`�2 �+�Q�K�#�B�M�B�M�;
�E�G�@�/�B�p�2�`�;�2�M�+�2 ���M�/ �A�.�*�: �i�Q �D�Q�B�M�i�H�v �2�p���H�m���i�2 �`�2�H�2�p���M�+�2 ���M�/ �;�`�Q�m�T �7���B�`�M�2�b�b �B�M �A�_�X�s�m
�2�i ���H�X�(�k�j�N�) �K�2���b�m�`�2 �m�i�B�H�B�i�v ���M�/ �T�`�Q�p�B�/�2�` �7���B�`�M�2�b�b �B�M �_�a�b �D�Q�B�M�i�H�v �m�b�B�M�; �� �r�2�B�;�?�i�2�/ �b�m�K
�Q�7 �i�?�2 �i�r�Q ���b�T�2�+�i�b�X �h�?�2 �`�2�H�2�p���M�+�2�@���r���`�2 �K�2���b�m�`�2�b �B�M �Q�m�` �r�Q�`�F �/�B�z�2�` �7�`�Q�K �i�?�2 �i�r�Q
�T�`�2�p�B�Q�m�b �K�2���b�m�`�2�b �(�d�N�- �k�j�N�) ���b �M�Q�M�2 �Q�7 �i�?�2�K �+�Q�K�#�B�M�2 �i�r�Q �b�B�M�;�H�2�@���b�T�2�+�i �K�2���b�m�`�2�b
�(�9�y�-�d�N�-�R�3�R�) �Q�` ���T�T�H�v �� �r�2�B�;�?�i�2�/ �b�m�K �Q�7 �i�?�2 �i�r�Q ���b�T�2�+�i�b �(�k�j�N�)�X �A�M �+�Q�M�i�`���b�i�-�:���`�+�Q���@
�a�Q�`�B���M�Q ���M�/ �"�Q�M�+�?�B�(�3�R�) �[�m���M�i�B�}�2�b �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2 �7�Q�` �B�M�/�B�p�B�/�m���H �7���B�`�M�2�b�b �B�M
�`���M�F�B�M�; �b�B�K�B�H���`�H�v �i�Q �>�. �(�R�y�j�)�- ���b �#�Q�i�? �+�Q�K�T���`�2 �B�i�2�K �T�Q�b�B�i�B�Q�M�b �#���b�2�/ �Q�M �;�`�Q�m�M�/
�i�`�m�i�? �`�2�H�2�p���M�+�2 �i�Q �i�?�2�B�` �T�Q�b�B�i�B�Q�M�b �#���b�2�/ �Q�M �T�`�2�/�B�+�i�2�/ �`���M�F�B�M�;�b�X �>�Q�r�2�p�2�`�- �r�2 �/�Q �M�Q�i
�m�b�2 �i�?�2 �K�2���b�m�`�2 �B�M�:���`�+�Q���@�a�Q�`�B���M�Q ���M�/ �"�Q�M�+�?�B�(�3�R�) �#�2�+���m�b�2 �B�i �`�2�[�m�B�`�2�b �b�B�;�M�B�}�+���M�i
�K�Q�/�B�}�+���i�B�Q�M�b �i�Q �+�m�b�i�Q�K�B�b�2 �B�i �7�Q�` �_�a �7���B�`�M�2�b�b�X

�9�X�N�*�Q�M�+�H�m�b�B�Q�M

�q�2 �?���p�2 �+�Q�M�/�m�+�i�2�/ �� �M�Q�p�2�H �i�?�2�Q�`�2�i�B�+���H ���M�/ �2�K�T�B�`�B�+���H �B�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �2�t�B�b�i�B�M�; �`�2�H�2�p���M�+�2�@
���r���`�2 �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �K�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b �U�_�a�b�V�- �r�?�B�+�? ���+�@
�+�Q�m�M�i �7�Q�` �#�Q�i�? �B�i�2�K �2�t�T�Q�b�m�`�2 ���M�/ �B�i�2�K �`�2�H�2�p���M�+�2�X �q�2 �B�/�2�M�i�B�}�2�/ �i�?�2�Q�`�2�i�B�+���H �K�2���b�m�`�2
�H�B�K�B�i���i�B�Q�M�b ���M�/ �b�i�m�/�B�2�/ �i�?�2 �2�t�i�2�M�i �Q�7 �i�?�2 �H�B�K�B�i���i�B�Q�M�b �m�M�/�2�` �+�Q�K�K�Q�M ���M�/ �2�t�i�`�2�K�2
�2�p���H�m���i�B�Q�M �b�2�i�i�B�M�;�b�X �6�m�`�i�?�2�`�- �r�2 ���/�/�`�2�b�b�2�/ �i�?�2�b�2 �H�B�K�B�i���i�B�Q�M�b �#�v �`�2�/�2�}�M�B�M�; �K�2���b�m�`�2�b
�r�?�2�`�2 �T�Q�b�b�B�#�H�2�- �Q�` �2�t�T�H���B�M�B�M�; �r�?�v �b�Q�K�2 �H�B�K�B�i���i�B�Q�M�b ���`�2 �m�M�`�2�b�Q�H�p���#�H�2�X �P�m�` �+�Q�K�T�`�2�@
�?�2�M�b�B�p�2 �2�K�T�B�`�B�+���H ���M���H�v�b�B�b �m�b�B�M�; �`�2���H�@�H�B�7�2 ���M�/ �b�v�M�i�?�2�i�B�+ �/���i�� �H�2�/ �i�Q �T�`���+�i�B�+���H �;�m�B�/�2�H�B�M�2�b
�7�Q�` �b�2�H�2�+�i�B�M�; �i�?�2 ���T�T�`�Q�T�`�B���i�2 �K�2���b�m�`�2�b �7�Q�` �p���`�B�Q�m�b �m�b�2 �+���b�2�b�X

�A�M �i�?�B�b �r�Q�`�F�- �r�2 �7�Q�+�m�b�2�/ �T�`�B�K���`�B�H�v �Q�M �/�2�i�2�`�K�B�M�B�b�i�B�+�f�b�B�M�;�H�2 �`���M�F�B�M�;�b �Q�7 �B�i�2�K�b �r�B�i�?
�#�B�M���`�v �`�2�H�2�p���M�+�2 ���M�/�- �K�Q�`�2 �#�`�B�2�~�v �/�B�b�+�m�b�b�2�/ �K�2���b�m�`�2 �H�B�K�B�i���i�B�Q�M�b �m�M�/�2�` �M�Q�M�@�#�B�M���`�v
�`�2�H�2�p���M�+�2 ���M�/ �K�m�H�i�B�@�`�Q�m�M�/ �b�+�2�M���`�B�Q�b ���i �� �+�Q�M�+�2�T�i�m���H �H�2�p�2�H�X �6�m�i�m�`�2 �r�Q�`�F �b�?�Q�m�H�/ �+�Q�M�@
�/�m�+�i �� �/�2�2�T�2�` �B�M�p�2�b�i�B�;���i�B�Q�M�- �#�Q�i�? �i�?�2�Q�`�2�i�B�+���H�H�v ���M�/ �2�K�T�B�`�B�+���H�H�v�- �B�M�i�Q �`�2�H�2�p���M�+�2�@���r���`�2
�7���B�`�M�2�b�b �2�p���H�m���i�B�Q�M �;�B�p�2�M �� �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �`���M�F�B�M�;�b �U�B�X�2�X�- �b�i�Q�+�?���b�i�B�+ �`���M�F�B�M�;�b �Q�` �K�m�H�i�B�@
�`�Q�m�M�/ �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�V�- �i�Q ���H�B�;�M �r�B�i�? �/�B�b�i�`�B�#�m�i�B�Q�M���H�H�v�@�B�M�7�Q�`�K�2�/ �2�p���H�m���i�B�Q�M �B�M �_�a�b
�(�e�e�)�- ���M�/ �7�Q�` �;�`���/�2�/ �`�2�H�2�p���M�+�2�X �P�i�?�2�` �7�m�i�m�`�2 �r�Q�`�F �+�Q�m�H�/ ���H�b�Q �2�t�T�H�Q�`�2 �i�?�2 �/�v�M���K�B�+�b �#�2�@
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�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�i�r�2�2�M �B�M�/�B�p�B�/�m���H ���M�/ �;�`�Q�m�T �7���B�`�M�2�b�b �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�b�- ���b �r�2�H�H ���b �K�m�H�i�B�b�i���F�2�?�Q�H�/�2�`
�2�p���H�m���i�B�Q�M�- �r�?�B�+�? ���+�+�Q�m�M�i�b �7�Q�` �m�b�2�` ���M�/ �B�i�2�K �7���B�`�M�2�b�b �D�Q�B�M�i�H�v �(�k�N�-�k�k�N�)�X

���+�F�M�Q�r�H�2�/�;�2�K�2�M�i�b

�h�?�2 �r�Q�`�F �B�b �b�m�T�T�Q�`�i�2�/ �#�v �i�?�2 ���H�;�Q�`�B�i�?�K�b�- �.���i���- ���M�/ �.�2�K�Q�+�`���+�v �T�`�Q�D�2�+�i �U���.�.�@
�T�`�Q�D�2�+�i�V�- �7�m�M�/�2�/ �#�v �i�?�2 �o�B�H�H�m�K �6�Q�m�M�/���i�B�Q�M ���M�/ �o�2�H�m�t �6�Q�m�M�/���i�B�Q�M�X �S�B�2�i�`�Q �h�`�Q�T�2���M�Q
�+�Q�M�i�`�B�#�m�i�2�/ �i�Q �� �b�F�2�i�+�? �Q�7 �i�?�2 �T�`�Q�Q�7�X

�9�X�R�y���T�T�2�M�/�B�t

�9�X�R�y�X�R�J���i�?�2�K���i�B�+���H �r�Q�`�F�B�M�;�b �7�Q�` �`���M�F�B�M�; �b�i�`���i�2�;�B�2�b �i�Q ���+�?�B�2�p�2
�i�?�2 �U�m�M�V�7���B�`�2�b�i �C�Q�B�M�i �b�+�Q�`�2�b

�q�2 �T�`�Q�p�B�/�2 �i�?�2 �/�2�`�B�p���i�B�Q�M �Q�7 �i�?�2 �7���B�`�2�b�i �`���M�F�B�M�; �7�Q�` �i�?�2 �Q�`�B�;�B�M���H �A����(u)�- �A�6�.� (u)
�U�+�Q�K�T�m�i�2�/ �r�B�i�?J� �@�Q�m�`�V�- �A�6�.� (u)�- ���M�/ �A�A�@�6(u)�X �6�Q�` �A����(u)�- �r�2 ���H�b�Q �b�?�Q�r �i�?�2 �r�Q�`�F�@
�B�M�;�b �#�2�?�B�M�/ �i�?�2 �m�M�7���B�`�2�b�i �`���M�F�B�M�;�X

�9�X�R�y�X�R�X�R�A�M�2�[�m�B�i�v �Q�7 ���K�Q�`�i�B�x�2�/ ���i�i�2�M�i�B�Q�M �U�A�����V

�q�2 �b�?�Q�r �i�?���i �`���M�F�B�M�; �`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �i�Q�T�@k �U�B�X�2�X�- �`���M�F�B�M�; �B�i�2�K�b �B�M �M�Q�M�@�B�M�+�`�2���b�B�M�;
�`�2�H�2�p���M�+�2�V �T�`�Q�/�m�+�2�b �i�?�2 �7���B�`�2�b�i#�A����(u)�X �G�2�ia�A����

p �#�2 �i�?�2 �2�t�T�Q�b�m�`�2 �Q�7 �B�i�2�K ���i �T�Q�b�B�@
�i�B�Q�Mp�- �r�?�2�`�2 �B�i�2�K �2�t�T�Q�b�m�`�2 �B�M �A���� �B�b �#���b�2�/ �Q�M �i�?�2 �T�`�Q�/�m�+�i �Q�7 �i�?�2 �i�Q�T�@k �B�M�/�B�+���i�Q�`
�7�m�M�+�i�B�Q�M ���M�/ �i�?�2 �2�t���K�B�M���i�B�Q�M �7�m�M�+�i�B�Q�M�- �B�X�2�X�-1L u (i ) � ~eli �@�Q�m�`(u; i )�c �7�Q�` �#�`�2�p�B�i�v�- �r�2 �/�2�M�Q�i�2
�i�?�B�b ���bap�X �G�2�iru;i 2 f 0; 1g �#�2 �i�?�2 �`�2�H�2�p���M�+�2 �Q�7 �B�i�2�Ki �i�Q �m�b�2�`u�c �7�Q�` �#�`�2�p�B�i�v�- �r�2 �/�2�M�Q�i�2
�i�?�B�b ���br i �X �6�Q�`�K���H�H�v�-

�h�?�2�Q�`�2�K �9�X�R�X�:�B�p�2�M ���M�v �i�r�Q �B�i�2�K�bi ���M�/i 0�- �r�?�2� �̀2z(u; i ) = p�-z(u; i0) = p0�-r i > r i 0�-
� �̀��M�F�B�M�; �i�?�2 �B�i�2�K �r�B�i�? �?�B�;�?�2�` � �̀2�H�2�p���M�+�2 �Ui �V �+�H�Q�b�2�` �i�Q �i�?�2 �i�Q�T �i�?���M �i�?�2 �B�i�2�K �r�B�i�? �H�Q�r�2�`
� �̀2�H�2�p���M�+�2 �Ui 0�V �r�Q�m�H�/ � �̀2�b�m�H�i �B�M �� �7���B� �̀2�` �U�Q�` �2�[�m���H�V#�A����(u) �i�?���M �/�Q�B�M�; �p�B�+�2 �p�2�`�b���,

r i > r i 0 ^ p < p0 ) j ap � r i j + jap0 � r i 0j � j ap � r i 0j + jap0 � r i j

�S� �̀Q�Q�7�X�q�2 �T�`�Q�p�2 �h�?�2�Q�`�2�K�9�X�R�#�v �+�Q�M�i�`���/�B�+�i�B�Q�M�X ���b�b�m�K�2 �h�?�2�Q�`�2�K�9�X�R�B�b �7���H�b�2�- �B�X�2�X�,

: (r i > r i 0 ^ p < p0 ) j ap � r i j + jap0 � r i 0j � j ap � r i 0j + jap0 � r i j)

: (: (r i > r i 0 ^ p < p0) _ (jap � r i j + jap0 � r i 0j � j ap � r i 0j + jap0 � r i j))

(r i > r i 0 ^ p < p0) ^ (jap � r i j + jap0 � r i 0j > jap � r i 0j + jap0 � r i j)

�R�3�k



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

���b r i > r i 0 ���M�/ �r�2 �/�2���H �r�B�i�? �#�B�M���`�v �`�2�H�2�p���M�+�2�-r i = 1 ���M�/r i 0 = 0�X �a�m�#�b�i�B�i�m�i�B�M�;
�i�?�2�b�2 �p���H�m�2�b �i�Q �i�?�2 �G�>�a �Q�7 �i�?�2 �B�M�2�[�m���H�B�i�v�- �r�2 �;�2�i�,jap� r i j+ jap0� r i 0j = jap� 1j+ jap0j =
jap � 1j+ ap0 �U���bap0 � 0�V�X �a�m�#�b�i�B�i�m�i�B�M�;r i = 1 ���M�/r i 0 = 0 �i�Q �i�?�2 �_�>�a �Q�7 �i�?�2 �B�M�2�[�m���H�B�i�v�-
�r�2 �;�2�i�,jap � r i 0j + jap0 � r i j = japj + jap0 � 1j = ap + jap0 � 1j �U���bap � 0�V�X

�S�m�i�i�B�M�; �i�?�2 �G�>�a ���M�/ �_�>�a �Q�7 �i�?�2 �B�M�2�[�m���H�B�i�v �i�Q�;�2�i�?�2�`�- �r�2 �?���p�2�,

jap � 1j + ap0 > a p + jap0 � 1j

jap � 1j � j ap0 � 1j > a p � ap0

jap � 1j � j ap0 � 1j > 0 (* p < p0 , ap � ap0 , ap � ap0 � 0)

(1 � ap) � (1 � ap0) > 0 (* ap � 1 , ap � 1 � 0)

ap0 > a p (�*�Q�M�i�`���/�B�+�i�B�Q�M �r�B�i�?p < p0 , ap � ap0)

�>�2�M�+�2�- �h�?�2�Q�`�2�K�9�X�R�?�Q�H�/�b�X

�L�2�t�i�- �r�2 �b�?�Q�r �i�?���i �`���M�F�B�M�; �`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �#�Q�i�i�Q�K �U�B�X�2�X�- �`���M�F�B�M�; �B�i�2�K�b �B�M
�M�Q�M�@�/�2�+�`�2���b�B�M�; �`�2�H�2�p���M�+�2�V �T�`�Q�/�m�+�2�b �i�?�2 �m�M�7���B�`�2�b�i#�A����(u)�X

�h�?�2�Q�`�2�K �9�X�k�X�:�B�p�2�M ���M�v �i�r�Q �B�i�2�K�bi ���M�/i 0�- �r�?�2� �̀2z(u; i ) = p�-z(u; i0) = p0�-r i < r i 0�-
� �̀��M�F�B�M�; �i�?�2 �B�i�2�K �r�B�i�? �H�Q�r�2�` � �̀2�H�2�p���M�+�2(i ) �+�H�Q�b�2�` �i�Q �i�?�2 �i�Q�T �i�?���M �i�?�2 �B�i�2�K �r�B�i�? �?�B�;�?�2�`
� �̀2�H�2�p���M�+�2(i 0) �r�Q�m�H�/ � �̀2�b�m�H�i �B�M ���M �m�M�7���B� �̀2�` �U�Q�` �2�[�m���H�V#�A����(u) �i�?���M �/�Q�B�M�; �p�B�+�2 �p�2�`�b���,

r i < r i 0 ^ p < p0 ) j ap � r i j + jap0 � r i 0j � j ap0 � r i j + jap � r i 0j

�S� �̀Q�Q�7�X�q�2 �T�`�Q�p�2 �h�?�2�Q�`�2�K�9�X�k�#�v �+�Q�M�i�`���/�B�+�i�B�Q�M�X ���b�b�m�K�2 �h�?�2�Q�`�2�K�9�X�k�B�b �7���H�b�2�- �B�X�2�X�,

: (r i < r i 0 ^ p < p0 ) j ap � r i j + jap0 � r i 0j � j ap0 � r i j + japr i 0j)

: (: (r i < r i 0 ^ p < p0) _ (jap � r i j + jap0 � r i 0j � j ap0 � r i j + japr i 0j))

(r i < r i 0 ^ p < p0) ^ (jap � r i j + jap0 � r i 0j < jap0 � r i j + jap � r i 0j)

���b r i < r i 0 ���M�/ �r�2 �/�2���H �r�B�i�? �#�B�M���`�v �`�2�H�2�p���M�+�2�-r i = 0 ���M�/r i 0 = 1�X �a�m�#�b�i�B�i�m�i�B�M�;
�i�?�2�b�2 �p���H�m�2�b �i�Q �i�?�2 �H�2�7�i�@�?���M�/ �b�B�/�2 �U�G�>�a�V �Q�7 �i�?�2 �B�M�2�[�m���H�B�i�v�- �r�2 �;�2�i�,jap� r i j+ jap0� r i 0j =
japj + jap0 � 1j = ap + jap0 � 1j �U���bap � 0�V�X �a�m�#�b�i�B�i�m�i�B�M�;r i = 0 ���M�/r i 0 = 1 �i�Q �i�?�2 �`�B�;�?�i�@
�?���M�/ �b�B�/�2 �U�_�>�a�V �Q�7 �i�?�2 �B�M�2�[�m���H�B�i�v�- �r�2 �Q�#�i���B�M�,jap � r i 0j + jap0 � r i j = jap � 1j + jap0j =
jap � 1j + ap0 �U���bap0 � 0�V�X �S�m�i�i�B�M�; �i�?�2 �G�>�a ���M�/ �_�>�a �Q�7 �i�?�2 �B�M�2�[�m���H�B�i�v �i�Q�;�2�i�?�2�`�- �r�2
�?���p�2�,

ap + jap0 � 1j < jap � 1j + ap0

ap � ap0 < jap � 1j � j ap0 � 1j

0 < jap � 1j � j ap0 � 1j (* p < p0 , ap � ap0 , ap � ap0 � 0)

0 < (1 � ap) � (1 � ap0) (* ap � 1 , ap � 1 � 0)

ap < a p0 (�*�Q�M�i�`���/�B�+�i�B�Q�M �r�B�i�?p < p0 , ap � ap0)
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�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�>�2�M�+�2�- �h�?�2�Q�`�2�K�9�X�k�?�Q�H�/�b�X

�9�X�R�y�X�R�X�k�A�M�/�B�p�B�/�m���H �6���B�`�M�2�b�b �.�B�b�T���`�B�i�v �r�B�i�? �.�B�p�B�b�B�Q�M �U�A�6�.� �V

�q�2 �b�?�Q�r �i�?���i �`���M�F�B�M�; �`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �#�Q�i�i�Q�K �U�B�X�2�X�- �`���M�F�B�M�; �B�i�2�K�b �B�M �M�Q�M�@
�/�2�+�`�2���b�B�M�; �`�2�H�2�p���M�+�2�V �T�`�Q�/�m�+�2�b �i�?�2 �7���B�`�2�b�i#�A�6�.� (u)�X �q�2 �/�2�M�Q�i�2 ���ba�A�6�.�

p �i�?�2 �2�t�T�Q�@
�b�m�`�2 �Q�7 �B�i�2�K ���i �T�Q�b�B�i�B�Q�Mp�- �r�?�2�`�2 �B�i�2�K �2�t�T�Q�b�m�`�2 �B�M �A�6�.� �B�b �#���b�2�/ �Q�MJ� �@�Q�m�`�U�1�[�X �U�9�X�k�d�V�V�X
�6�Q�` �#�`�2�p�B�i�v�- �r�2 �/�2�M�Q�i�2 ���bap �i�?�2 �B�i�2�K �2�t�T�Q�b�m�`�2�X

�h�?�2�Q�`�2�K �9�X�j�X�:�B�p�2�M ���M�v �i�r�Q � �̀2�H�2�p���M�i �B�i�2�K�bi ���M�/i 0�- �r�?�2� �̀2z(u; i ) = p�-z(u; i0) = p0�-
r i = r i 0 = 1�- � �̀��M�F�B�M�; �i�?�2 �B�i�2�K�b �+�H�Q�b�2�` �i�Q �i�?�2 �#�Q�i�i�Q�K �U�#�2�v�Q�M�/ �i�?�2 �i�Q�T�@k�V �r�Q�m�H�/ � �̀2�b�m�H�i
�B�M �� �7���B� �̀2�` �U�Q�` �2�[�m���H�V#�A�6�.� (u) �i�?���M �/�Q�B�M�; �p�B�+�2 �p�2�`�b���X �6�Q�`�K���H�H�v�-

�K���t
�

0;
ap

r i
�

ap0

r i 0

�
+ �K���t

�
0;

ap0

r i 0
�

ap

r i

�
�U�9�X�j�d�V

�B�b�, �U�R�V �H�Q�r�2�` �7�Q�`k < p < p 0 �i�?���M �7�Q�`p < k < p 0 �U� �̀��M�F�B�M�; �R �B�i�2�K ���i �i�?�2 �i�Q�T�@k ���M�/
���M�Q�i�?�2�` �Q�M�2 �#�2�v�Q�M�/ �i�?�2 �i�Q�T�@k�V�c ���M�/ �U�k�V �H�Q�r�2�` �7�Q�`k < p < p 0 �i�?���M �7�Q�`p < p0 < k
�U� �̀��M�F�B�M�; �#�Q�i�? �B�i�2�K�b ���i �i�?�2 �i�Q�T�@k�V�X

�S� �̀Q�Q�7�X�q�2 �T�`�Q�p�2 �U�R�V ���M�/ �U�k�V �b�2�T���`���i�2�H�v�X �h�Q �T�`�Q�p�2 �U�R�V�- �r�2 �b�i���`�i �7�`�Q�K �i�?�2 �T�`�2�K�B�b�2
k < p < p 0�X �_���M�F�B�M�; �i�?�2 �i�r�Q �`�2�H�2�p���M�i �B�i�2�K�b �#�2�v�Q�M�/ �i�?�2 �i�Q�T�@k �`�2�b�m�H�i�b �B�Map = ap0 = 0�X
���b �b�m�+�?�- �1�[�X �U�9�X�j�d�V �B�b �y�X �J�2���M�r�?�B�H�2�- �7�Q�`p < k < p 0�- �r�2 �?���p�2ap > 0 ���M�/ap0 = 0�X
���b ap > a p0�- �i�?�2 �2�t�T�`�2�b�b�B�Q�Map

r i
�

ap0

r i
= ap > 0�- �r�?�B�H�2

ap0

r i 0
� ap

r i
= � ap < 0�X �1�[�X �U�9�X�j�d�V

�2�p���H�m���i�2�b �i�Q �K���tf 0; apg + �K���tf 0; � apg = ap > 0�X �h�?�2�`�2�7�Q�`�2�- �U�R�V �?�Q�H�/�b�X
�h�Q �T�`�Q�p�2 �U�k�V�- �r�2 �m�b�2 �i�?�2 �`�2�b�m�H�i�b �Q�7 �T�`�Q�p�B�M�; �U�R�V�- �B�X�2�X�- �r�?�2�Mk < p < p 0�- �1�[�X �U�9�X�j�d�V=

0�X �6�Q�`p < p0 < k �- �r�2 �?���p�2ap > a p0 > 0�X �h�?�2 �2�t�T�`�2�b�b�B�Q�Map

r i
�

ap0

r i
= ap � ap0 > 0�- �r�?�B�H�2

ap0

r i 0
� ap

r i
= ap0 � ap < 0�X �1�[�X �U�9�X�j�d�V �2�p���H�m���i�2�b �i�Q �K���tf 0; ap � ap0g+ �K���tf 0; ap0 � apg =

ap � ap0 + 0 > 0�X �h�?�m�b�- �U�k�V �?�Q�H�/�b�X
���b �#�Q�i�? �U�R�V ���M�/ �U�k�V �?�Q�H�/�- �h�?�2�Q�`�2�K�9�X�j�?�Q�H�/�b�X

�9�X�R�y�X�R�X�j�A�M�/�B�p�B�/�m���H �6���B�`�M�2�b�b �.�B�b�T���`�B�i�v �r�B�i�? �J�m�H�i�B�T�H�B�+���i�B�Q�M �U�A�6�.� �V

�q�2 �b�?�Q�r �i�?���i �`���M�F�B�M�; �`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �#�Q�i�i�Q�K �U�B�X�2�X�- �`���M�F�B�M�; �B�i�2�K�b �B�M �M�Q�M�@
�/�2�+�`�2���b�B�M�; �`�2�H�2�p���M�+�2�V �T�`�Q�/�m�+�2�b �i�?�2 �7���B�`�2�b�i#�A�6�.� (u)�X �q�2 �/�2�M�Q�i�2 ���ba�A�6�.�

p �i�?�2 �2�t�T�Q�@
�b�m�`�2 �Q�7 �B�i�2�K ���i �T�Q�b�B�i�B�Q�Mp�- �r�?�2�`�2 �B�i�2�K �2�t�T�Q�b�m�`�2 �B�M �A�6�.� �B�b �#���b�2�/ �Q�MJ� �@�Q�`�B�U�1�[�X �U�9�X�d�V�V�X
�6�Q�` �#�`�2�p�B�i�v�- �r�2 �/�2�M�Q�i�2 ���bap �i�?�2 �B�i�2�K �2�t�T�Q�b�m�`�2�X

�R�3�9



�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�h�?�2�Q�`�2�K �9�X�9�X�:�B�p�2�M ���M�v �i�r�Q �B�i�2�K�bi ���M�/i 0�- �r�?�2� �̀2z(u; i ) = p�-z(u; i0) = p0�-r i < r i 0�-
� �̀��M�F�B�M�; �i�?�2 �B�i�2�K �r�B�i�? �H�Q�r�2�` � �̀2�H�2�p���M�+�2(i ) �+�H�Q�b�2�` �i�Q �i�?�2 �i�Q�T �i�?���M �i�?�2 �B�i�2�K �r�B�i�? �?�B�;�?�2�`
� �̀2�H�2�p���M�+�2(i 0) �r�Q�m�H�/ � �̀2�b�m�H�i �B�M �� �7���B� �̀2�` �U�Q�` �2�[�m���H�V#�A�6�.� (u) �i�?���M �/�Q�B�M�; �p�B�+�2 �p�2�`�b���,

r i < r i 0 ^ p < p0 ) (apr i � ap0r i 0)2 � (ap0r i � apr i )2

�S� �̀Q�Q�7�X�q�2 �T�`�Q�p�2 �h�?�2�Q�`�2�K�9�X�9�#�v �+�Q�M�i�`���/�B�+�i�B�Q�M�X ���b�b�m�K�2 �h�?�2�Q�`�2�K�9�X�9�B�b �7���H�b�2�- �B�X�2�X�,

:
�
r i < r i 0 ^ p < p0 ) (apr i � ap0r i 0)2 � (ap0r i � apr i )2

�

:
�
: (r i < r i 0 ^ p < p0) _

�
(apr i � ap0r i 0)2 � (ap0r i � apr i )2

��

(r i < r i 0 ^ p < p0) ^
�
(apr i � ap0r i 0)2 > (ap0r i � apr i )2

�

���b r i < r i 0 ���M�/ �r�2 �/�2���H �r�B�i�? �#�B�M���`�v �`�2�H�2�p���M�+�2�-r i = 0 ���M�/r i 0 = 1�X �a�m�#�b�i�B�i�m�i�B�M�; �i�?�2�b�2
�p���H�m�2�b �i�Q �i�?�2 �B�M�2�[�m���H�B�i�v�- �r�2 �;�2�ia2

p0 > a 2
p�X �h�?�2�`�2 ���`�2 �i�?�`�2�2 �T�Q�b�b�B�#�B�H�B�i�B�2�b �Q�7 �?�Q�r �i�?�2

�`���M�F �T�Q�b�B�i�B�Q�M�bp; p0 �`�2�H���i�2 �i�Q �i�?�2 �+�m�i�@�Q�zk�,

�R�X�"�Q�i�? �`���M�F �T�Q�b�B�i�B�Q�M�b ���`�2 �#�2�v�Q�M�/k�-k < p < p 0�X �A�M �i�?�B�b �+���b�2�-ap = ap0 = 0 ���b
�B�i�2�K�b ���i �T�Q�b�B�i�B�Q�Mp ���M�/p0 ���`�2 �m�M�2�t�T�Q�b�2�/�X ���ba2

p0 = a2
p�- �i�?�B�b �+�Q�M�i�`���/�B�+�i�ba2

p0 > a 2
p�X

�k�X�"�Q�i�? �`���M�F �T�Q�b�B�i�B�Q�M�b ���`�2 ���i �i�?�2 �i�Q�T�@k�-p < p0 < k �X �>�2�`�2�-ap > a p0 > 0 , a2
p >

a2
p0�- �r�?�B�+�? �+�Q�M�i�`���/�B�+�i�ba2

p0 > a 2
p�X

�j�X�P�M�2 �`���M�F �T�Q�b�B�i�B�Q�M �B�b ���i �i�?�2 �i�Q�T�@k�- ���M�/ ���M�Q�i�?�2�` �Q�M�2 �#�2�v�Q�M�/ �i�Q�T�@k�-p < k < p 0�X
�>�2�`�2�-ap > 0 = ap0 , a2

p > a 2
p0�- �r�?�B�+�? �+�Q�M�i�`���/�B�+�i�ba2

p0 > a 2
p�X

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

�9�X�R�y�X�R�X�9�A�M�/�B�p�B�/�m���H�@�m�b�2�`�@�i�Q�@�A�M�/�B�p�B�/�m���H�@�B�i�2�K �6���B�`�M�2�b�b �U�A�A�@�6�V

�q�2 �b�?�Q�r �i�?���i �`���M�F�B�M�; �`�2�H�2�p���M�i �B�i�2�K�b ���i �i�?�2 �i�Q�T�@k �U�B�X�2�X�- �`���M�F�B�M�; �B�i�2�K�b �B�M �M�Q�M�@�B�M�+�`�2���b�B�M�;
�`�2�H�2�p���M�+�2�V �T�`�Q�/�m�+�2�b �i�?�2 �7���B�`�2�b�i#�A�A�@�6(u)�X �q�2 �/�2�M�Q�i�2 ���ba�A�A�@�6

p �i�?�2 �2�t�T�Q�b�m�`�2 �Q�7 �B�i�2�K ���i
�T�Q�b�B�i�B�Q�Mp�- �r�?�2�`�2 �B�i�2�K �2�t�T�Q�b�m�`�2 �B�M �A�A�@�6 �B�bEu;i �U�1�[�X �U�9�X�k�k�V�V�X �6�Q�` �#�`�2�p�B�i�v�- �r�2 �/�2�M�Q�i�2
���bap �i�?�2 �B�i�2�K �2�t�T�Q�b�m�`�2 ���M�/ ���bt i �i�?�2 �i���`�;�2�i �2�t�T�Q�b�m�`�2 �Q�7 �B�i�2�Ki �-E �

u;i �U�1�[�X �U�9�X�k�j�V�V�X

�h�?�2�Q�`�2�K �9�X�8�X�:�B�p�2�M ���M�v �i�r�Q �B�i�2�K�bi ���M�/i 0�- �r�?�2� �̀2z(u; i ) = p�-z(u; i0) = p0�-r i > r i 0�-
� �̀��M�F�B�M�; �i�?�2 �B�i�2�K �r�B�i�? �?�B�;�?�2�` � �̀2�H�2�p���M�+�2 �Ui �V �+�H�Q�b�2�` �i�Q �i�?�2 �i�Q�T �i�?���M �i�?�2 �B�i�2�K �r�B�i�? �H�Q�r�2�`
� �̀2�H�2�p���M�+�2 �Ui 0�V �r�Q�m�H�/ � �̀2�b�m�H�i �B�M �� �7���B� �̀2�` �U�Q�` �2�[�m���H�V#�A�A�@�6(u) �i�?���M �/�Q�B�M�; �p�B�+�2 �p�2�`�b���,

r i > r i 0 ^ p < p0 ) (ap � t i )2 + ( ap0 � t i 0)2 � (ap0 � t i )2 + ( ap � t i 0)2
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�*�?���T�i�2�` �9 �% �_�2�H�2�p���M�+�2�@���r���`�2 �A�M�/�B�p�B�/�m���H �A�i�2�K �6���B�`�M�2�b�b �J�2���b�m�`�2�b �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�,

�G�B�K�B�i���i�B�Q�M�b ���M�/ �l�b���;�2 �:�m�B�/�2�H�B�M�2�b

�S� �̀Q�Q�7�X�q�2 �T�`�Q�p�2 �h�?�2�Q�`�2�K�9�X�8�#�v �+�Q�M�i�`���/�B�+�i�B�Q�M�X ���b�b�m�K�2 �h�?�2�Q�`�2�K�9�X�8�B�b �7���H�b�2�- �B�X�2�X�,

:
�
r i > r i 0 ^ p < p0 ) (ap � t i )2 + ( ap0 � t i 0)2 � (ap0 � t i )2 + ( ap � t i 0)2

�

:
�
: (r i > r i 0 ^ p < p0) _

�
(ap � t i )2 + ( ap0 � t i 0)2 � (ap0 � t i )2 + ( ap � t i 0)2

��

(r i > r i 0 ^ p < p0) ^
�
(ap � t i )2 + ( ap0 � t i 0)2 > (ap0 � t i )2 + ( ap � t i 0)2

�

���b r i > r i 0 ���M�/ �r�2 �/�2���H �r�B�i�? �#�B�M���`�v �`�2�H�2�p���M�+�2�-r i = 1 ���M�/r i 0 = 0�- �r�?�B�+�? �K�2���M�b �i�?�2
�i���`�;�2�i �2�t�T�Q�b�m�`�2�b �Q�7 �B�i�2�Ki ���M�/i 0 ���`�2t i > t i 0 = 0�X �a�m�#�b�i�B�i�m�i�B�M�; �i�?�2�b�2 �p���H�m�2�b �i�Q �i�?�2
�B�M�2�[�m���H�B�i�v�- �r�2 �;�2�i�,

(ap � t i )2 + a2
p0 > (ap0 � t i )2 + a2

p

(ap � t i )2 � (ap0 � t i )2 > a 2
p � a2

p0

(a2
p � 2apt i + t2

i ) � (a2
p0 � 2ap0t i + t2

i ) > a 2
p � a2

p0

(� 2apt i ) � (� 2ap0t i ) > 0

2ap0t i > 2apt i

ap0 > a p

�>�Q�r�2�p�2�`�- ���bp < p0 , ap � ap0�- �i�?�2�`�2 �B�b �� �+�Q�M�i�`���/�B�+�i�B�Q�M�X �>�2�M�+�2�- �h�?�2�Q�`�2�K�9�X�8
�?�Q�H�/�b�X
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�C�Q�B�M�i �1�p���H�m���i�B�Q�M �Q�7 �6���B�`�M�2�b�b ���M�/
�_�2�H�2�p���M�+�2 �B�M �_�2�+�Q�K�K�2�M�/�2�`
�a�v�b�i�2�K�b �r�B�i�? �S���`�2�i�Q �6�`�Q�M�i�B�2�`

���#�b�i�`���+�i

�6���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2 ���`�2 �i�r�Q �B�K�T�Q�`�i���M�i ���b�T�2�+�i�b �Q�7 �`�2�+�Q�K�K�2�M�/�2�` �b�v�b�i�2�K�b �U�_�a�b�V�X
�h�v�T�B�+���H�H�v�- �i�?�2�v ���`�2 �2�p���H�m���i�2�/ �2�B�i�?�2�` �U�B�V �b�2�T���`���i�2�H�v �#�v �B�M�/�B�p�B�/�m���H �K�2���b�m�`�2�b �Q�7 �7���B�`�M�2�b�b
���M�/ �`�2�H�2�p���M�+�2�- �Q�` �U�B�B�V �D�Q�B�M�i�H�v �m�b�B�M�; �� �b�B�M�;�H�2 �K�2���b�m�`�2 �i�?���i ���+�+�Q�m�M�i�b �7�Q�` �7���B�`�M�2�b�b �r�B�i�?
�`�2�b�T�2�+�i �i�Q �`�2�H�2�p���M�+�2�X �>�Q�r�2�p�2�`�- ���T�T�`�Q���+�? �U�B�V �Q�7�i�2�M �/�Q�2�b �M�Q�i �T�`�Q�p�B�/�2 �� �`�2�H�B���#�H�2 �D�Q�B�M�i
�2�b�i�B�K���i�2 �Q�7 �i�?�2 �;�Q�Q�/�M�2�b�b �Q�7 �i�?�2 �K�Q�/�2�H�b�- ���b �B�i �?���b �i�r�Q �/�B�z�2�`�2�M�i �#�2�b�i �K�Q�/�2�H�b�, �Q�M�2 �7�Q�`
�7���B�`�M�2�b�b ���M�/ ���M�Q�i�?�2�` �7�Q�` �`�2�H�2�p���M�+�2�X ���T�T�`�Q���+�? �U�B�B�V �B�b ���H�b�Q �T�`�Q�#�H�2�K���i�B�+ �#�2�+���m�b�2 �i�?�2�b�2
�K�2���b�m�`�2�b �i�2�M�/ �i�Q �#�2 ���/�@�?�Q�+ ���M�/ �/�Q �M�Q�i �`�2�H���i�2 �r�2�H�H �i�Q �i�`���/�B�i�B�Q�M���H �`�2�H�2�p���M�+�2 �K�2���b�m�`�2�b�-
�H�B�F�2 �L�.�*�:�X �J�Q�i�B�p���i�2�/ �#�v �i�?�B�b�- �r�2 �T�`�2�b�2�M�i �� �M�2�r ���T�T�`�Q���+�? �7�Q�` �D�Q�B�M�i�H�v �2�p���H�m���i�B�M�;
�7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2 �B�M �_�a�b�, �.�B�b�i���M�+�2 �i�Q �S���`�2�i�Q �6�`�Q�M�i�B�2�` �U�.�S�6�_�V�X �:�B�p�2�M �b�Q�K�2 �m�b�2�`�@
�B�i�2�K �B�M�i�2�`���+�i�B�Q�M �/���i���- �r�2 �+�Q�K�T�m�i�2 �i�?�2�B�` �S���`�2�i�Q �7�`�Q�M�i�B�2�` �7�Q�` �� �T���B�` �Q�7 �2�t�B�b�i�B�M�; �`�2�H�2�p���M�+�2
���M�/ �7���B�`�M�2�b�b �K�2���b�m�`�2�b�- ���M�/ �i�?�2�M �m�b�2 �i�?�2 �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �7�`�Q�M�i�B�2�` ���b �� �K�2���b�m�`�2 �Q�7
�i�?�2 �D�Q�B�M�i�H�v ���+�?�B�2�p���#�H�2 �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2�X �P�m�` ���T�T�`�Q���+�? �B�b �K�Q�/�m�H���` ���M�/ �B�M�i�m�B�i�B�p�2
���b �B�i �+���M �#�2 �+�Q�K�T�m�i�2�/ �r�B�i�? �2�t�B�b�i�B�M�; �K�2���b�m�`�2�b�X �1�t�T�2�`�B�K�2�M�i�b �r�B�i�? �9 �_�a �K�Q�/�2�H�b�- �j
�`�2�@�`���M�F�B�M�; �b�i�`���i�2�;�B�2�b�- ���M�/ �e �/���i���b�2�i�b �b�?�Q�r �i�?���i �2�t�B�b�i�B�M�; �K�2�i�`�B�+�b �?���p�2 �B�M�+�Q�M�b�B�b�i�2�M�i
���b�b�Q�+�B���i�B�Q�M�b �r�B�i�? �Q�m�` �S���`�2�i�Q�@�Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M�- �K���F�B�M�; �.�S�6�_ �� �K�Q�`�2 �`�Q�#�m�b�i ���M�/
�i�?�2�Q�`�2�i�B�+���H�H�v �r�2�H�H�@�7�Q�m�M�/�2�/ �D�Q�B�M�i �K�2���b�m�`�2 �7�Q�` ���b�b�2�b�b�B�M�; �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2�X �P�m�`
�+�Q�/�2�,�;�B�i�?�m�#�X�+�Q�K�f�i�?�2�`�2�b�B���p�`�f�.�S�6�_�@�`�2�+�b�v�b�@�2�p���H�m���i�B�Q�M�X
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�*�?���T�i�2�` �8 �% �C�Q�B�M�i �1�p���H�m���i�B�Q�M �Q�7 �6���B�`�M�2�b�b ���M�/ �_�2�H�2�p���M�+�2 �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b �r�B�i�? �S���`�2�i�Q

�6�`�Q�M�i�B�2�`

�U�y�X�d�e�e�- �y�X�d�e�e�V

�S�6�@�K�B�/�T�Q�B�M�i
�U� = 0 :5�V

�J�Q�/�2�H �*
�U�y�X�8�- �y�X�8�V

�J�Q�/�2�H ��
�U�y�X�k�- �y�X�N�V

�J�Q�/�2�H �"
�U�y�X�e�8�- �y�X�k�V

�_�2�H�2�p���M�+�2 �U�_�2�H�V

�6
���

B
�`

�M
�2

�b
�b

�U
�6

���
B

�`�V
�S���`�2�i�Q �6�`�Q�M�i�B�2�` �U�S�6�V
�1�m�+�H�B�/�2���M �/�B�b�i���M�+�2

�J�Q�/�2�H# �.�B�b�i�X �i�Q �S�6" ���p�;

�� �y�X�8�3�k �y�X�8�8
�" �y�X�8�d�3 �y�X�9�k�8
�* �y�X�j�d�e �y�X�8

�6�B�;�m�`�2 �8�X�R�,(x; y) �/�2�M�Q�i�2�b �i�?�2 �T���B�` �Q�7 �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �b�+�Q�`�2�X �1�t���K�T�H�2�, �J�Q�/�2�H
�� �B�b �#�2�b�i �7�Q�` �7���B�`�M�2�b�b�- �J�Q�/�2�H �" �B�b �#�2�b�i �7�Q�` �`�2�H�2�p���M�+�2�- ���M�/ �J�Q�/�2�H �* �B�b �i�?�2 �+�H�Q�b�2�b�i �i�Q
�i�?�2 �S���`�2�i�Q �6�`�Q�M�i�B�2�` �U�S�6�V �K�B�/�T�Q�B�M�i�- �r�?�2�M �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b ���`�2 �2�[�m���H�H�v �r�2�B�;�?�i�2�/
�U� = 0:5�V�X ���p�2�`���;�B�M�; �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �U���p�;�V �H�2���/�b �i�Q �7���H�b�2�H�v �+�Q�M�+�H�m�/�B�M�; �i�?���i
�J�Q�/�2�H �� �B�b �#�2�b�i �7�Q�` �#�Q�i�? ���b�T�2�+�i�b�X �L�Q�i�2 �i�?���i �/�B�b�i���M�+�2 �i�Q �S�6 ���H�b�Q �#�2���i�b �Q�i�?�2�` �2�t�B�b�i�B�M�;
�K�2���b�m�`�2�b �Q�7 �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2 �U�b�2�2x�8�X�8�X�9�V�X

�8�X�R�A�M�i�`�Q�/�m�+�i�B�Q�M

�_�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b ���`�2 �B�K�T�Q�`�i���M�i ���b�T�2�+�i�b �Q�7 �`�2�+�Q�K�K�2�M�/�2�` �b�v�b�i�2�K�b �U�_�a�b�V�X �_�2�H�@
�2�p���M�+�2 �B�b �i�v�T�B�+���H�H�v �2�p���H�m���i�2�/ �m�b�B�M�; �+�Q�K�K�Q�M �`���M�F�B�M�; �K�2���b�m�`�2�b �U�2�X�;�X�- �L�.�*�:�V�- �r�?�B�H�2
�p���`�B�Q�m�b �7���B�`�M�2�b�b �K�2���b�m�`�2�b �7�Q�` �_�a�b �2�t�B�b�i �(�N�- �k�k�3�)�X �a�Q�K�2 �7���B�`�M�2�b�b �K�2���b�m�`�2�b �B�M�i�2�;�`���i�2
�`�2�H�2�p���M�+�2�- �b�Q �i�?���i �i�?�2�v �2�p���H�m���i�2 �7���B�`�M�2�b�b �r�X�`�X�i�X �`�2�H�2�p���M�+�2�X �h�?�2 �T�`�Q�#�H�2�K �r�B�i�? �i�?�2�b�2
�D�Q�B�M�i �K�2���b�m�`�2�b �B�b �i�?���i �i�?�2�v �i�2�M�/ �i�Q �#�2 ���/�@�?�Q�+�- �m�M�b�i���#�H�2�- ���M�/ �i�?�2�v �/�Q �M�Q�i ���+�+�Q�m�M�i �p�2�`�v
�r�2�H�H �7�Q�` �#�Q�i�? ���b�T�2�+�i�b �b�B�K�m�H�i���M�2�Q�m�b�H�v �(�R�d�3�)�X ���M�Q�i�?�2�` �r���v �Q�7 �2�p���H�m���i�B�M�; �`�2�H�2�p���M�+�2 ���M�/
�7���B�`�M�2�b�b �B�b �i�Q �m�b�2 �� �/�B�z�2�`�2�M�i �K�2���b�m�`�2 �7�Q�` �2���+�? ���b�T�2�+�i�X �>�Q�r�2�p�2�`�- �i�?�B�b �/�Q�2�b �M�Q�i ���H�r���v�b
�T�`�Q�p�B�/�2 �� �`�2�H�B���#�H�2 �D�Q�B�M�i �2�b�i�B�K���i�2 �Q�7 �i�?�2 �;�Q�Q�/�M�2�b�b �Q�7 �i�?�2 �K�Q�/�2�H�b�- ���b �B�i �K���v �?���p�2 �i�r�Q
�/�B�z�2�`�2�M�i �#�2�b�i �K�Q�/�2�H�b�, �Q�M�2 �7�Q�` �7���B�`�M�2�b�b ���M�/ ���M�Q�i�?�2�` �7�Q�` �`�2�H�2�p���M�+�2�X �h�?�B�b �+���M �#�2 ���p�Q�B�/�2�/
�#�v ���;�;�`�2�;���i�B�M�; �i�?�2 �b�+�Q�`�2�b �Q�7 �i�?�2 �i�r�Q �K�2���b�m�`�2�b �B�M�i�Q �� �b�B�M�;�H�2 �b�+�Q�`�2�- �Q�` �#�v ���;�;�`�2�;���i�B�M�;
�i�?�2 �`�2�b�m�H�i�B�M�; �K�Q�/�2�H �`���M�F�B�M�;�b �B�M�i�Q �Q�M�2 �m�b�B�M�; �`���M�F �7�m�b�B�Q�M�X �h�?�2�b�2 ���T�T�`�Q���+�?�2�b ���`�2 ���H�b�Q
�T�`�Q�#�H�2�K���i�B�+ �#�2�+���m�b�2�, �U�B�V �i�?�2 �b�+�Q�`�2�b �Q�7 �i�?�2 �i�r�Q �K�2���b�m�`�2�b �K���v �?���p�2 �/�B�z�2�`�2�M�i �/�B�b�i�`�B�@
�#�m�i�B�Q�M�b ���M�/ �/�B�z�2�`�2�M�i �b�+���H�2�b�- �K���F�B�M�; �i�?�2�K �?���`�/ �i�Q �+�Q�K�#�B�M�2�c �U�B�B�V �i�?�2 �i�r�Q �K�2���b�m�`�2�b
�K���v �M�Q�i �2�p�2�M �#�2 �+�Q�K�T�m�i�2�/ �r�B�i�? �i�?�2 �b���K�2 �B�M�T�m�i�- �K���F�B�M�; �i�?�2�B�` �+�Q�K�#�B�M���i�B�Q�M �?���`�/
�i�Q �B�M�i�2�`�T�`�2�i �U�`�2�H�2�p���M�+�2 �b�+�Q�`�2�b ���`�2 �+�Q�K�T�m�i�2�/ �7�Q�` �B�M�/�B�p�B�/�m���H �m�b�2�`�b ���M�/ �i�?�2�M ���p�2�`���;�2�/�-
�r�?�B�H�2 �7���B�`�M�2�b�b �K�2���b�m�`�2�b �7�Q�` �B�M�/�B�p�B�/�m���H �B�i�2�K�b ���`�2 �i�v�T�B�+���H�H�v �#���b�2�/ �Q�M �B�M�/�B�p�B�/�m���H �B�i�2�K
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�6�`�Q�M�i�B�2�`

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

�h�Q ���/�/�`�2�b�b �i�?�2 ���#�Q�p�2 �H�B�K�B�i���i�B�Q�M�b�- �r�2 �+�Q�M�i�`�B�#�m�i�2 ���M ���T�T�`�Q���+�? �i�?���i �#�m�B�H�/�b �Q�M �i�?�2
�b�2�i �Q�7 ���H�H �S���`�2�i�Q�@�Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M�b �(�j�e�)�X �P�m�` ���T�T�`�Q���+�? ���/�/�`�2�b�b�2�b �B�b�b�m�2 �U�B�V ���M�/ �U�B�B�V
���#�Q�p�2 �#�v ���p�Q�B�/�B�M�; �/�B�`�2�+�i �+�Q�K�#�B�M���i�B�Q�M �Q�7 �K�2���b�m�`�2�b�X �q�2 �/�B�`�2�+�i�H�v ���/�/�`�2�b�b �U�B�B�B�V �#�v �+�Q�K�@
�T�m�i�B�M�; �i�?�2 �/�B�b�i���M�+�2 �Q�7 �i�?�2 �K�Q�/�2�H �b�+�Q�`�2�b �i�Q �� �/�2�b�B�`�2�/ �7���B�`�M�2�b�b�@�`�2�H�2�p���M�+�2 �#���H���M�+�2�X �P�m�`
���T�T�`�Q���+�? �m�b�2�b �S���`�2�i�Q�@�Q�T�i�B�K���H�B�i�v�- �� �T�Q�T�m�H���` �+�Q�M�+�2�T�i �B�M �K�m�H�i�B�@�Q�#�D�2�+�i�B�p�2 �Q�T�i�B�K�B�x���i�B�Q�M
�T�`�Q�#�H�2�K�b ���+�`�Q�b�b �/�Q�K���B�M�b�- �B�M�+�H�m�/�B�M�; �_�a�b �(�R�3�d�)�X �� �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b �S���`�2�i�Q�@�Q�T�i�B�K���H
�B�7 �i�?�2�`�2 ���`�2 �M�Q �Q�i�?�2�` �T�Q�b�b�B�#�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �r�B�i�? �i�?�2 �b���K�2�_�2�H�b�+�Q�`�2 �i�?���i ���+�?�B�2�p�2
�#�2�i�i�2�` �7���B�`�M�2�b�b�X�R �A�M �Q�i�?�2�` �r�Q�`�/�b�- �;�B�p�2�M �S���`�2�i�Q�@�Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M�b�- �r�2 �+���M�M�Q�i �;�2�i �Q�i�?�2�`
�`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �i�?���i �2�K�T�B�`�B�+���H�H�v �T�2�`�7�Q�`�K �#�2�i�i�2�`�- �m�M�H�2�b�b �`�2�H�2�p���M�+�2 �B�b �b���+�`�B�}�+�2�/�X �A�M
�Q�m�` ���T�T�`�Q���+�?�- �r�2 �+�Q�K�#�B�M�2 �2�t�B�b�i�B�M�;�6���B��̀K�2���b�m�`�2�b ���M�/�_�2�H�K�2���b�m�`�2�b ���b �7�Q�H�H�Q�r�b�X �q�2
�#�m�B�H�/ �� �S���`�2�i�Q �6�`�Q�M�i�B�2�` �U�S�6�V �i�?���i �}�`�b�i �K���t�B�K�B�b�2�b �`�2�H�2�p���M�+�2�- �}�M�/�b �i�?�2 �#�2�b�i �7���B�`�M�2�b�b
���+�?�B�2�p���#�H�2 �m�M�/�2�` �i�?�2 �`�2�H�2�p���M�+�2 �+�Q�M�b�i�`���B�M�i�- ���M�/ �i�?�2�M �D�Q�B�M�i�H�v �[�m���M�i�B�}�2�b �7���B�`�M�2�b�b ���M�/
�`�2�H�2�p���M�+�2 ���b �i�?�2 �/�B�b�i���M�+�2 �7�`�Q�K ���M �Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M�- �b�2�2 �6�B�;�X�8�X�R�X

�P�m�` ���T�T�`�Q���+�?�-�.�B�b�i���M�+�2 �i�Q �S�6 �Q�7 �6���B�`�M�2�b�b ���M�/ �_�2�H�2�p���M�+�2�U�.�S�6�_�V �?���b �b�2�p�2�`���H
�b�i�`�2�M�;�i�?�b�X �6�B�`�b�i�- �.�S�6�_ �B�b�K�Q�/�m�H���`�c �B�i �+���M �#�2 �m�b�2�/ �r�B�i�? �r�2�H�H�@�F�M�Q�r�M �2�t�B�b�i�B�M�; �K�2���@
�b�m�`�2�b �Q�7 �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b�X �.�S�6�_ �B�b ���H�b�Q�i� �̀��+�i���#�H�2���b �Q�M�2 �+���M �+�Q�M�i�`�Q�H �i�?�2
�r�2�B�;�?�i �U� �V �Q�7 �7���B�`�M�2�b�b �r�X�`�X�i�X �`�2�H�2�p���M�+�2�X ���b �i�?�2 �`�2�b�m�H�i�B�M�; �b�+�Q�`�2 �B�b �i�?�2 �/�B�b�i���M�+�2 �i�Q
�i�?�2 �b�+�Q�`�2�b �Q�7 �� �i�`���/�B�i�B�Q�M���H �`�2�H�2�p���M�+�2 �K�2���b�m�`�2 ���M�/ �� �r�2�H�H�@�F�M�Q�r�M �7���B�`�M�2�b�b �K�2���b�m�`�2�-
�.�S�6�_ �B�b ���H�b�Q�B�M�i�m�B�i�B�p�2�B�M �B�i�b �B�M�i�2�`�T�`�2�i���i�B�Q�M�X �J�Q�b�i �B�K�T�Q�`�i���M�i�H�v�- �.�S�6�_ �B�b �� �T�`�B�M�+�B�T�H�2�/
�r���v �Q�7 �D�Q�B�M�i�H�v �2�p���H�m���i�B�M�; �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �#���b�2�/ �Q�M ���M �2�K�T�B�`�B�+���H �#�2�b�i �b�Q�H�m�i�B�Q�M
�i�?���i �m�b�2�b �S���`�2�i�Q�@�Q�T�i�B�K���H�B�i�v�X �1�t�T�2�`�B�K�2�M�i�b �r�B�i�? �/�B�z�2�`�2�M�i �_�a �K�Q�/�2�H�b�- �`�2�@�`���M�F�B�M�; ���T�@
�T�`�Q���+�?�2�b ���M�/ �/���i���b�2�i�b �b�?�Q�r �i�?���i �i�?�2�`�2 �2�t�B�b�i�b �� �M�Q�i�B�+�2���#�H�2 �;���T �#�2�i�r�2�2�M �m�b�B�M�; �+�m�`�`�2�M�i
�K�2���b�m�`�2�b �Q�7 �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b ���M�/ �Q�m�` �S���`�2�i�Q�@�Q�T�i�B�K���H �D�Q�B�M�i �2�p���H�m���i�B�Q�M �Q�7 �`�2�H�2�@
�p���M�+�2 ���M�/ �7���B�`�M�2�b�b�X �h�?�B�b �;���T �B�b �#�B�;�;�2�` �B�M �H���`�;�2�` �/���i���b�2�i�b ���M�/ �r�?�2�M �m�b�B�M�; �`���M�F�@�#���b�2�/
�`�2�H�2�p���M�+�2 �K�2���b�m�`�2�b �U�B�X�2�X�- �J���S�- �L�.�*�:�V�- ���b �Q�T�T�Q�b�2�/ �i�Q �b�2�i�@�#���b�2�/ �`�2�H�2�p���M�+�2 �K�2���b�m�`�2�b
�U�B�X�2�X�- �S�`�2�+�B�b�B�Q�M�- �_�2�+���H�H�V�X

�A�M �i�?�B�b �r�Q�`�F�- �r�2 �7�Q�+�m�b �Q�M�B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b�X �h�?�B�b �i�v�T�2 �Q�7 �7���B�`�M�2�b�b
�B�b �+�Q�K�K�Q�M�H�v �/�2�}�M�2�/ ���b ���H�H �B�i�2�K�b �?���p�B�M�; �2�[�m���H �2�t�T�Q�b�m�`�2�- �r�?�2�`�2 �2�t�T�Q�b�m�`�2 �i�v�T�B�+���H�H�v
�`�2�7�2�`�b �i�Q �i�?�2 �7�`�2�[�m�2�M�+�v �Q�7 �B�i�2�K ���T�T�2���`���M�+�2 �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i ���+�`�Q�b�b ���H�H
�m�b�2�`�b �(�R�9�d�- �R�e�d�- �R�d�d�)�X �A�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �B�b �B�K�T�Q�`�i���M�i �B�M �2�M�b�m�`�B�M�; �i�?���i �2���+�?
�B�i�2�K�f�T�`�Q�/�m�+�i �B�M �i�?�2 �b�v�b�i�2�K �?���b �� �+�?���M�+�2 �i�Q �#�2 �`�2�+�Q�K�K�2�M�/�2�/ �i�Q ���M�v �m�b�2�` �(�R�k�9�)�X

�R�h�?�2 �Q�T�T�Q�b�B�i�2 �B�b ���H�b�Q �i�`�m�2�- �#�m�i �B�M �_�a �b�+�2�M���`�B�Q �i�?�2�_�2�H�b�+�Q�`�2 �B�b �m�b�m���H�H�v �i�?�2 �T�`�B�K���`�v �Q�#�D�2�+�i�B�p�2�-
�M�Q�i �i�?�2�6���B� �̀b�+�Q�`�2�X

�R�3�N



�*�?���T�i�2�` �8 �% �C�Q�B�M�i �1�p���H�m���i�B�Q�M �Q�7 �6���B�`�M�2�b�b ���M�/ �_�2�H�2�p���M�+�2 �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b �r�B�i�? �S���`�2�i�Q

�6�`�Q�M�i�B�2�`

�8�X�k�_�2�H���i�2�/ �q�Q�`�F

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

�h�?�2 �T�`�Q�#�H�2�K �Q�7 �D�Q�B�M�i�H�v �2�p���H�m���i�B�M�; �_�a �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �B�b �7�m�`�i�?�2�` ���;�;�`���p���i�2�/
�#�v �i�?�2 �7���+�i �i�?���i �B�K�T�`�Q�p�2�/ �7���B�`�M�2�b�b �B�b �Q�7�i�2�M ���+�?�B�2�p�2�/ ���i �i�?�2 �2�t�T�2�M�b�2 �Q�7 �`�2�H�2�p���M�+�2 �i�Q
�m�b�2�`�b �(�R�8�y�)�X �q�2 �T�Q�b�B�i �i�?���i �i�?�B�b �i�`���/�2�@�Q�z �K���F�2�b �K�m�H�i�B�@�Q�#�D�2�+�i�B�p�2 �Q�T�i�B�K�B�x���i�B�Q�M �� �b�m�B�i���#�H�2
�b�Q�H�m�i�B�Q�M�X �S���`�2�i�Q �Q�T�i�B�K���H�B�i�v �B�b �� �r�2�H�H�@�F�M�Q�r�M �Q�#�D�2�+�i�B�p�2 �7�Q�` �b�m�+�? �Q�T�i�B�K�B�x���i�B�Q�M�- ���M�/ �B�i �?���b
�#�2�2�M �T�`�2�p�B�Q�m�b�H�v �m�b�2�/ �B�M �_�a �#�m�i �Q�M�H�v �i�Q �`�2�+�Q�K�K�2�M�/ �B�i�2�K�b �i�Q �m�b�2�`�b �(�3�j�-�R�3�d�-�k�j�N�-�k�e�k�)�X
�"�2�+���m�b�2 �i�?�2 �i�`�m�2 �S�6 �B�b �Q�7�i�2�M �m�M�F�M�Q�r�M �/�m�2 �i�Q �i�?�2 �T�`�Q�#�H�2�K �+�Q�K�T�H�2�t�B�i�v �(�R�R�-�R�k�j�)�- �T�`�B�Q�`
�r�Q�`�F �?���b �m�b�2�/ �i�?�2 �K�Q�/�2�H�ö�b �i�`���B�M�B�M�; �H�Q�b�b �r�X�`�X�i�X �i�r�Q �/�B�z�2�`�2�M�i ���b�T�2�+�i�b �(�R�j�3�) �Q�` �b�+�Q�`�2�b �7�`�Q�K
�/�B�z�2�`�2�M�i �K�Q�/�2�H�b �(�R�8�d�-�R�e�8�) �i�Q �;�2�M�2�`���i�2 �i�?�2 �S�6�X �P�m�` �r�Q�`�F �/�B�z�2�`�b �7�`�Q�K �i�?�B�b �B�M �i�2�`�K�b
�Q�7 �#�Q�i�? �i�?�2 �T�m�`�T�Q�b�2 �Q�7 �m�b�B�M�; �S���`�2�i�Q�@�Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M�b�- ���M�/ �i�?�2 �M���i�m�`�2 �Q�7 �i�?�2 �S�6�X
�a�T�2�+�B�}�+���H�H�v�- �r�2 �2�t�T�H�Q�B�i �S���`�2�i�Q�@�Q�T�i�B�K���H�B�i�v �i�?�`�Q�m�;�? �S�6 ���b �� �`�Q�#�m�b�i�2�p���H�m���i�B�Q�M�K�2�i�?�Q�/�-
�B�M�b�i�2���/ �Q�7 ���b �� �`�2�+�Q�K�K�2�M�/���i�B�Q�M �K�2�i�?�Q�/�X �A�M ���/�/�B�i�B�Q�M�- �Q�m�` �;�2�M�2�`���i�2�/ �S�6 �B�b �#���b�2�/ �Q�M
�i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �U�B�X�2�X�- �i�?�2 �i�2�b�i �b�2�i�V�- �� �+�Q�K�K�Q�M �_�a �2�p���H�m���i�B�Q�M ���T�T�`�Q���+�?�- �B�M�b�i�2���/ �Q�7 �i�?�2
�`�2�+�Q�K�K�2�M�/�2�` �K�Q�/�2�H�b�ö �2�K�T�B�`�B�+���H �T�2�`�7�Q�`�K���M�+�2�- �r�?�B�+�? �K���v �M�Q�i �#�2 �Q�T�i�B�K���H�X �h�?�m�b�- �Q�m�`
�S�6 �B�b ���H�b�Q �K�Q�/�2�H�@���;�M�Q�b�i�B�+�- ���b �Q�T�T�Q�b�2�/ �i�Q �i�?�2 �S�6 �B�M �(�k�j�N�)�X �P�m�` ���T�T�`�Q���+�? �/�B�z�2�`�b ���H�b�Q
�7�`�Q�K �6���A�_ �(�d�N�) �b�B�M�+�2 �i�?�2 �S�6 �+�Q�M�b�B�/�2�`�b �i�?�2 �2�K�T�B�`�B�+���H�H�v ���+�?�B�2�p���#�H�2 �Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M
�#���b�2�/ �Q�M �i�?�2 �/���i���b�2�i�- �r�?�B�H�2 �6���A�_ �+�Q�K�T���`�2�b ���;���B�M�b�i �i�?�2 �/�2�b�B�`�2�/ �7���B�`�M�2�b�b �/�B�b�i�`�B�#�m�i�B�Q�M
�r�?�B�+�? �K�B�;�?�i �M�Q�i �#�2 ���+�?�B�2�p���#�H�2�X �G���b�i�H�v�- �(�R�e�8�) �b�2�H�2�+�i�b �i�?�2 �Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M �#���b�2�/ �Q�M �B�i�b
�/�B�b�i���M�+�2 �i�Q �i�?�2 �m�i�Q�T�B�� �T�Q�B�M�i �U�i�?�2 �i�?�2�Q�`�2�i�B�+���H �B�/�2���H �b�+�Q�`�2�b�V�- �r�?�2�`�2���b �i�?�2 �m�i�Q�T�B�� �T�Q�B�M�i
�K���v �M�Q�i �#�2 �`�2���H�B�b�i�B�+ �/�m�2 �i�Q �/���i���b�2�i �Q�` �K�2���b�m�`�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �(�R�8�j�-�R�d�d�)�X �a�B�M�+�2 �Q�m�`
�S�6 �B�b �;�2�M�2�`���i�2�/ �#���b�2�/ �Q�M �i�2�b�i �/���i���- ���M�v �Q�7 �B�i�b �b�Q�H�m�i�B�Q�M�b �B�b �2�K�T�B�`�B�+���H�H�v ���+�?�B�2�p���#�H�2�X

�8�X�j �.�B�b�i���M�+�2 �i�Q �S���`�2�i�Q �6�`�Q�M�i�B�2�` �U�.�S�6�_�V

�q�2 �T�`�2�b�2�M�i �/�2�}�M�B�i�B�Q�M�b �Ux�8�X�j�X�R�V�- ���M�/ �i�?�2�M �2�t�T�H���B�M �.�S�6�_ �B�M �/�B�z�2�`�2�M�i �b�i�2�T�b�, �;�B�p�2�M ��
�6���B� �̀��M�/ ���_�2�H�K�2���b�m�`�2�- �?�Q�r �i�Q �;�2�M�2�`���i�2 �S�6 �#���b�2�/ �Q�M �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �/���i�� �B�M
�i�?�2 �i�2�b�i �b�2�i �Ux�8�X�j�X�k�V�c �?�Q�r �i�Q �+�?�Q�Q�b�2 �� �`�2�7�2�`�2�M�+�2 �T�Q�B�M�i �B�M �i�?�2 �S�6 �#���b�2�/ �Q�M� �U�2�X�;�X�- �i�?�2
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�6�`�Q�M�i�B�2�`

�K�B�/�T�Q�B�M�i �7�Q�`� = 0:5�V �Ux�8�X�j�X�j�V�c ���M�/ �?�Q�r �i�Q �+�Q�K�T�m�i�2 �i�?�2 �/�B�b�i���M�+�2 �Q�7 �i�?�2�6���B� �̀��M�/
�_�2�H�b�+�Q�`�2�b �i�Q �i�?�2 �`�2�7�2�`�2�M�+�2 �T�Q�B�M�i �r�B�i�? �� �/�B�b�i���M�+�2 �K�2���b�m�`�2d �Ux�8�X�j�X�j�V�X ���/�/�B�i�B�Q�M���H�H�v�-
�r�2 �T�`�2�b�2�M�i �� �+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�{�+�B�2�M�i ���/���T�i���i�B�Q�M �Q�7 �.�S�6�_ �Ux�8�X�j�X�9�V�X

�8�X�j�X�R�.�2�}�M�B�i�B�Q�M�b

�q�2 ���/���T�i �i�?�2 �S���`�2�i�Q�@�Q�T�i�B�K���H�B�i�v �/�2�}�M�B�i�B�Q�M �(�k�k�y�)�, �i�?�2 �K�m�H�i�B�@�Q�#�D�2�+�i�B�p�2 �T�`�Q�#�H�2�K �B�b �}�M�/�@
�B�M�; �i�?�2 �Q�T�i�B�K�m�K�6���B� �̀b�+�Q�`�2sf �- ���M�/�_�2�H�b�+�Q�`�2�-sr �7�`�Q�K �� �H�B�b�i �Q�7 �T�Q�b�b�B�#�H�2 �`�2�+�Q�K�@
�K�2�M�/���i�B�Q�M�b ���+�`�Q�b�b ���H�H �m�b�2�`�b�X �q�2 �/�2�}�M�2 �i�?�2 �i�m�T�H�2s = ( sr ; sf ) 2 S�- �r�?�2�`�2S �B�b �i�?�2
�*���`�i�2�b�B���M �T�`�Q�/�m�+�i �Q�7 ���H�H �T�Q�b�b�B�#�H�2�_�2�H���M�/�6���B��̀b�+�Q�`�2�b�X �h�?�2 �`�2�H���i�B�Q�M� A �U> A �V �K�2���M�b
�õ�#�2�i�i�2�` �Q�` �2�[�m���H �i�Q�ö �U�õ�#�2�i�i�2�` �i�Q�ö�V ���+�+�Q�`�/�B�M�; �i�Q ���M ���b�T�2�+�iA 2 f �_�2�H; �6���B�g̀�X

�.�2�}�M�B�i�B�Q�M �8�X�R�U�S���`�2�i�Q �.�Q�K�B�M���M�+�2�V�X�� �i�m�T�H�2s = ( sr ; sf ) �/�Q�K�B�M���i�2�bs0 = ( s0
r ; s0

f ) �B�z
s �B�b �T���`�i�B���H�H�v �#�2�i�i�2�` �i�?���Ms0�- �B�X�2�X�-sr � �_�2�Hs0

r ���M�/sf � �6���B�`s0
f �- �B�M ���/�/�B�i�B�Q�M �i�Qsr > �_�2�Hs0

r
�Q�s̀f > �6���B�`s0

f �X

�.�2�}�M�B�i�B�Q�M �8�X�k�U�S���`�2�i�Q �P�T�i�B�K���H�B�i�v�V�X�� �b�Q�H�m�i�B�Q�M �U� �̀2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�V �i�?���i �?���b�_�2�H
���M�/�6���B� �̀b�+�Q� �̀2�b �Q�7x = ( xr ; xf ) 2 S �B�b �S��� �̀2�i�Q�@�Q�T�i�B�K���H �B�z �i�?�2� �̀2 �B�b �M�Q �Q�i�?�2�` �b�Q�H�m�i�B�Q�M
�r�B�i�?x0 = ( x0

r ; x0
f ) 2 S �i�?���i �/�Q�K�B�M���i�2�bx�X

�.�2�}�M�B�i�B�Q�M �8�X�j�U�S���`�2�i�Q �6�`�Q�M�i�B�2�`�V�X�h�?�2 �b�2�i �Q�7 ���H�H �S��� �̀2�i�Q�@�Q�T�i�B�K���H �i�m�T�H�2�b�X

�8�X�j�X�k�S���`�2�i�Q �6�`�Q�M�i�B�2�` �;�2�M�2�`���i�B�Q�M

�:�B�p�2�M �m�b�2�`�@�B�i�2�K �T�`�2�7�2�`�2�M�+�2 �/���i�� �U�2�X�;�X�- �i�2�b�i �b�2�i�V�- �i�?�2 ���B�K �B�b �i�Q �2�t�T�H�Q�`�2 �i�?�2 �2�K�T�B�`�B�+���H�-
�K���t�B�K�m�K �7�2���b�B�#�H�2 �7���B�`�M�2�b�b �i�Q�r���`�/�b �B�M�/�B�p�B�/�m���H �B�i�2�K�b�- �b�m�+�? �i�?���i �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M
�b���i�B�b�}�2�b �S���`�2�i�Q�@�Q�T�i�B�K���H�B�i�v �r�X�`�X�i�X �7���B�`�M�2�b�b �b�+�Q�`�2�b ���+�`�Q�b�b ���H�H �B�i�2�K�b ���M�/ ���M ���p�2�`���;�2 �`�2�H�2�@
�p���M�+�2 �b�+�Q�`�2 ���+�`�Q�b�b �m�b�2�`�b�- �2�X�;�X�- �J���S�!10 = 0:9�X�k �h�?�B�b �B�b �/�Q�M�2 �i�Q �K�2���b�m�`�2 �?�Q�r �7���` ��
�K�Q�/�2�H �T�2�`�7�Q�`�K���M�+�2 �B�b�- �7�`�Q�K �i�?�2�b�2 �S���`�2�i�Q�@�Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M�b�X �1�M�m�K�2�`���i�B�M�; ���H�H �T�Q�b�b�B�@
�#�H�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �7�Q�` �m�b�2�`�b ���M�/ �B�i�2�K�b �i�Q �}�M�/ �i�?�2 �+�Q�K�T�H�2�i�2 �b�2�i �Q�7 �S���`�2�i�Q�@�Q�T�i�B�K���H
�b�Q�H�m�i�B�Q�M�b �B�b �+�Q�K�T�m�i���i�B�Q�M���H�H�v �B�M�7�2���b�B�#�H�2�- ���M�/ �i�?�2�`�2 �B�b �M�Q ���M���H�v�i�B�+���H �b�Q�H�m�i�B�Q�M �2�B�i�?�2�`�X �A�M�@
�b�i�2���/�- �r�2 �+�Q�M�i�`�B�#�m�i�2 ���M ���H�;�Q�`�B�i�?�K �i�?���i �B�i�2�`���i�B�p�2�H�v �#�m�B�H�/�b �m�T�Q�M �� �K���t�B�K���H�H�v �`�2�H�2�p���M�i
�B�M�B�i�B���H �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i�X �P�m�` ���H�;�Q�`�B�i�?�K �B�i�2�`���i�B�p�2�H�v �}�M�/�b �S���`�2�i�Q�@�Q�T�i�B�K���H �`�2�+�Q�K�@
�K�2�M�/���i�B�Q�M�b �#�v �T�`�B�Q�`�B�i�B�b�B�M�; �`�2�H�2�p���M�+�2 �Q�p�2�` �7���B�`�M�2�b�b�- ���b �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b ���`�2 �m�b�m���H�H�v
�Q�T�i�B�K�B�b�2�/ �7�Q�` �`�2�H�2�p���M�+�2 �U�r�B�i�? �Q�` �r�B�i�?�Q�m�i �7���B�`�M�2�b�b�V�X �h�?�B�b �T�`�B�Q�`�B�i�B�b���i�B�Q�M �B�b �F�M�Q�r�M ���b
�H�2�t�B�+�Q�;�`���T�?�B�+ �Q�T�i�B�K�B�x���i�B�Q�M �(�R�3�N�)�X �q�2 �+���H�H �Q�m�` ���H�;�Q�`�B�i�?�K�P�`���+�H�2�k�6���B�`�U�7�m�H�H �i�2�+�?�@
�M�B�+���H �/�2�b�+�`�B�T�i�B�Q�M �B�M ���T�T�X�8�X�d�X�k�V�X �P�m�` ���H�;�Q�`�B�i�?�K �;�2�M�2�`���i�2�b �i�?�2 �S�6 �Q�7 �7���B�`�M�2�b�b ���M�/
�`�2�H�2�p���M�+�2 �B�M �i�r�Q �b�i�2�T�b�,�U�R�V �B�M�B�i�B���H�B�b���i�B�Q�M�Q�7 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �r�B�i�? ���M�P� �̀��+�H�2
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�U���T�T�X�8�X�d�X�k�- ���H�;�Q�`�B�i�?�K�R�V�X �h�?�2�P� �̀��+�H�2�;�2�M�2�`���i�2�b �� �`�2�+�Q�K�K�2�M�/���i�B�Q�M �r�B�i�? �i�?�2 �?�B�;�?�2�b�i
�2�K�T�B�`�B�+���H �b�+�Q�`�2 �7�Q�` �`�2�H�2�p���M�+�2�- �#���b�2�/ �Q�M �m�b�2�` �B�M�i�2�`���+�i�B�Q�M�b �i�?���i ���`�2 �T���`�i �Q�7 �i�?�2 �i�2�b�i �b�2�i�X
�h�?�B�b �b�i�2�T �B�b �7�Q�H�H�Q�r�2�/ �#�v�U�k�V �`�2�T�H���+�2�K�2�M�i�b�i�Q �K���F�2 �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b ���b�6���B�`���b
�T�Q�b�b�B�#�H�2�c ���i �i�?�2 �2�M�/ �Q�7 �i�?�B�b ���H�;�Q�`�B�i�?�K�- �i�?�2�6���B� �̀b�+�Q�`�2�b �b�?�Q�m�H�/ �`�2���+�? �i�?�2 �2�K�T�B�`�B�+���H�H�v
�7���B�`�2�b�i �b�+�Q�`�2 �r�?�B�H�2 �K���B�M�i���B�M�B�M�; ���b �K�m�+�? �`�2�H�2�p���M�+�2 ���b �T�Q�b�b�B�#�H�2�X �h�?�`�Q�m�;�?�Q�m�i �i�?�2 �S�6
�;�2�M�2�`���i�B�Q�M�- �B�i�2�K�b �B�M �� �m�b�2�`�ö�b �i�`���B�M�f�p���H �b�T�H�B�i ���`�2 �M�Q�i �`�2�+�Q�K�K�2�M�/�2�/ �i�Q �i�?�2 �b���K�2 �m�b�2�`�X
�>�2�M�+�2�7�Q�`�i�?�-� �̀2�H�2�p���M�i �B�i�2�K�b�`�2�7�2�`�b �i�Q �i�?�2 �B�i�2�K�b �B�M �� �m�b�2�`�ö�b �i�2�b�i �b�T�H�B�i�X
�U�R�V �A�M�B�i�B���H�B�b���i�B�Q�M�X �h�?�2 �P�`���+�H�2 �`�2�+�Q�K�K�2�M�/�b ���i �K�Q�b�ik = 10 �`�2�H�2�p���M�i �B�i�2�K�b�- �7�`�Q�K
�i�?�2n �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i�- �i�Q �2���+�? �Q�7 �i�?�2m �m�b�2�`�b �B�M �i�?�2 �i�2�b�i �b�T�H�B�i�- �Q�M�2 �m�b�2�` ���i ��
�i�B�K�2�X �h�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M �#�2�;�B�M�b �r�B�i�? �m�b�2�`�b �?���p�B�M�; �2�t���+�i�H�vk �B�i�2�K�b �B�M �i�?�2 �i�2�b�i
�b�T�H�B�i�c �Q�M�H�v �i�?�2�b�2 �B�i�2�K�b �+���M �#�2 �`�2�+�Q�K�K�2�M�/�2�/ �i�Q �i�?�Q�b�2 �m�b�2�`�b �i�Q �;���B�M �i�?�2 �K���t�B�K�m�K
�`�2�H�2�p���M�+�2�X �_�2�+�Q�K�K�2�M�/���i�B�Q�M�b �i�Q �Q�i�?�2�` �m�b�2�`�b ���`�2 �K���/�2 �K���t�B�K���H�H�v �`�2�H�2�p���M�i ���M�/ �7���B�`
���b �7�Q�H�H�Q�r�b�, �B�7 �� �m�b�2�` �?���b> k �`�2�H�2�p���M�i �B�i�2�K�b�- �r�2 �T�B�+�Fk �B�i�2�K�b �r�B�i�? �i�?�2 �H�2���b�i �2�t�T�Q�b�m�`�2
���K�Q�M�; �i�?�2�K�X �A�i�2�K �2�t�T�Q�b�m�`�2 �B�b �+�Q�K�T�m�i�2�/ �#���b�2�/ �Q�M �r�?���i �?���b �#�2�2�M �`�2�+�Q�K�K�2�M�/�2�/ �i�Q
�Q�i�?�2�` �m�b�2�`�b �r�?�Q ���H�`�2���/�v �?���p�2 �2�t���+�i�H�vk �B�i�2�K�b�X �L�Q�i�2 �i�?���i �i�?�B�b �T�`�Q�+�2�b�b �B�b �M�Q�i �i�`�B�p�B���H
�U�b�2�2 ���T�T�X�8�X�d�X�k�- ���H�;�Q�R�- �H�H�X�k���R�d�V�X �A�7 �� �m�b�2�` �?���b< k �`�2�H�2�p���M�i �B�i�2�K�b�- �r�2 �`�2�+�Q�K�K�2�M�/
�i�?�Q�b�2 �B�i�2�K�b ���i �i�?�2 �i�Q�T �U�i�Q �K���t�B�K�B�b�2 �i�Q�T�@�r�2�B�;�?�i�2�/�_�2�H�K�2���b�m�`�2�b�V ���M�/ �}�H�H �i�?�2 �`�2�b�i
�Q�7 �i�?�2�B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �b�H�Q�i�b �r�B�i�? �i�?�2 �H�2���b�i �2�t�T�Q�b�2�/ �B�i�2�K�b �B�M �i�?�2 �/���i���b�2�i �U���H�;�Q�R�-
�H�H�X�R�3���j�e�V�X �h�?�B�b �H�2���b�i�@�2�t�T�Q�b�m�`�2 �T�`�B�Q�`�B�i�B�b���i�B�Q�M �b�i�`���i�2�;�v �2�M�b�m�`�2�b �i�?���i �i�?�2 �b�Q�H�m�i�B�Q�M�b ���`�2
�S���`�2�i�Q�@�Q�T�i�B�K���H�X
�U�k�V �_�2�T�H���+�2�K�2�M�i�b�X �h�?�2 ���H�;�Q�`�B�i�?�K �B�i�2�`���i�B�p�2�H�v �`�2�T�H���+�2�b �i�?�2 �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �i�Q
���+�?�B�2�p�2 �K���t�B�K�m�K �7���B�`�M�2�b�b�- �b�m�+�? �i�?���i �2���+�? �`�2�T�H���+�2�K�2�M�i �`�2�b�m�H�i�b �B�M �� �7���B�`�2�` �`�2�+�Q�K�@
�K�2�M�/���i�B�Q�M �i�?���M �i�?�2 �T�`�2�p�B�Q�m�b�X �q�2 �+�Q�K�T�m�i�2 �i�?�2�6���B� �̀��M�/�_�2�H�K�2���b�m�`�2�b ���7�i�2�` �2���+�?
�`�2�T�H���+�2�K�2�M�i ���b �7�Q�H�H�Q�r�b�X �h�?�2 �K�Q�b�i �T�Q�T�m�H���` �B�i�2�K�- �r�?�B�+�? �B�b �`�2�+�Q�K�K�2�M�/�2�/ �K�Q�b�i �Q�7�i�2�M�- �B�b
�`�2�T�H���+�2�/ �r�B�i�? �Q�M�2 �Q�7 �i�?�2�b�2 �B�i�2�K �i�v�T�2�b�- �B�M �/�2�+�`�2���b�B�M�; �Q�`�/�2�` �Q�7 �T�`�B�Q�`�B�i�v�, ���M �m�M�2�t�T�Q�b�2�/
�B�i�2�K�- �i�?�2�M �i�?�2 �H�2���b�i �T�Q�T�m�H���` �B�i�2�K �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�c �i�?�B�b �B�M�+�`�2���b�2�b �7���B�`�M�2�b�b �7�`�Q�K
�i�?�2 �T�`�2�p�B�Q�m�b �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�X �q�2 �/�Q �i�?�B�b �Q�M�2 �B�i�2�K ���M�/ �Q�M�2 �m�b�2�` ���i �� �i�B�K�2�- �b�i���`�i�B�M�;
�r�B�i�? �i�?�2 �m�b�2�`�b �i�?���i �?���p�2 �i�?�2 �K�Q�b�i �T�Q�T�m�H���` �B�i�2�K ���i �i�?�2 �#�Q�i�i�Q�K �Q�7 �i�?�2�B�` �`�2�+�Q�K�K�2�M�@
�/���i�B�Q�M �H�B�b�i�- �i�Q �2�M�b�m�`�2 �i�?���i �i�?�2 �/�2�+�`�2���b�2 �B�M �`�2�H�2�p���M�+�2 �B�b �K�B�M�B�K�m�K ���b �i�?�2 �`�2�T�H���+�2�K�2�M�i
�B�i�2�K �B�b �K�Q�b�i�H�v �M�Q�i �`�2�H�2�p���M�i �i�Q �i�?���i �m�b�2�`�X �L�Q�M�2�i�?�2�H�2�b�b�- �i�?�2�P�`���+�H�2�k�6���B�`�T�`�B�Q�`�B�i�B�b�2�b
�`�2�T�H���+�B�M�; �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �Q�7 �m�b�2�`�b �7�Q�` �r�?�Q�K �i�?�2 �`�2�T�H���+�2�K�2�M�i �B�i�2�K �B�b �`�2�H�2�p���M�i �U�B�7
���M�v�V�X ���b �7���B�`�M�2�b�b �B�M�+�`�2���b�2�b ���M�/ �`�2�H�2�p���M�+�2 �/�2�+�`�2���b�2�b�f�b�i���v�b �i�?�2 �b���K�2 �7�`�Q�K �i�?�2 �T�`�2�p�B�Q�m�b
�`�2�+�Q�K�K�2�M�/���i�B�Q�M�- �i�?�2 �M�2�r �`�2�+�Q�K�K�2�M�/���i�B�Q�M �B�b ���H�b�Q �S���`�2�i�Q�@�Q�T�i�B�K���H�X �q�2 �+�Q�M�i�B�M�m�2 �i�?�2
�`�2�T�H���+�2�K�2�M�i �m�M�i�B�H �i�?�2 �K���t�B�K�m�K �i�B�K�2�b ���M�v �B�i�2�K �B�b �`�2�+�Q�K�K�2�M�/�2�/ �B�bdkm/ ne�- �B�X�2�X�- �i�?�2
�m�T�T�2�` �#�Q�m�M�/ �Q�7 �?�Q�r �K���M�v �i�B�K�2�b ���M �B�i�2�K �+���M �#�2 �`�2�+�Q�K�K�2�M�/�2�/�- �B�7 ���H�H �B�i�2�K�b �B�M �i�?�2
�/���i���b�2�i �K�m�b�i ���T�T�2���` �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M ���b �m�M�B�7�Q�`�K�H�v ���b �T�Q�b�b�B�#�H�2�X �q�2 �2�t�T�H�B�+�B�i�H�v
�m�b�2�/dkm/ ne ���b �� �b�i�Q�T�T�B�M�; �+�Q�M�/�B�i�B�Q�M �7�Q�`�P�`���+�H�2�k�6���B�`�X �h�Q �2�M�b�m�`�2 �K���t�B�K�m�K�_�2�H
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�*�?���T�i�2�` �8 �% �C�Q�B�M�i �1�p���H�m���i�B�Q�M �Q�7 �6���B�`�M�2�b�b ���M�/ �_�2�H�2�p���M�+�2 �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b �r�B�i�? �S���`�2�i�Q

�6�`�Q�M�i�B�2�`

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

�h�?�2 �`�2�b�m�H�i�B�M�; �U�_�2�H�- �6���B�`�V �b�+�Q�`�2�b �`�2�~�2�+�i�B�M�; �S���`�2�i�Q�@�Q�T�i�B�K���H �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b
�7�`�Q�K �i�?�B�b �T�`�Q�+�2�b�b �K���F�2 �m�T �i�?�2 �S�6�X �A�7 �i�?�2�`�2 ���`�2 �/�m�T�H�B�+���i�2�b �B�M �i�?�2�_�2�H�p���H�m�2�- �r�2
�F�2�2�T �i�?�2 �#�2�b�i�6���B� �̀b�+�Q�`�2 �7�Q�` �� �b�B�M�;�H�2 �p���H�m�2 �Q�7�_�2�H�X �q�?�B�H�2 �B�i �+���M�M�Q�i �#�2 �`�2���b�Q�M���#�H�v
�p�2�`�B�}�2�/ �i�?���i �i�?�2 �`�2�b�m�H�i�B�M�; �S�6 �K���i�+�?�2�b �i�?�2 �i�?�2�Q�`�2�i�B�+���H �S�6�- �i�?�B�b �B�b �� �+�H�Q�b�2 �r���v �i�Q �#�m�B�H�/
�i�?�2 �7�m�H�H �S�6�- ���b �Q�T�T�Q�b�2�/ �i�Q �#�m�B�H�/�B�M�; �i�?�2 �S�6 �7�`�Q�K �i�`���B�M�2�/ �K�Q�/�2�H�b �b�+�Q�`�2�b �Ux�8�X�k�V�X

�8�X�j�X�j�.�B�b�i���M�+�2 �+�Q�K�T�m�i���i�B�Q�M

�6�Q�` �2���+�? �T���B�` �Q�7�6���B� �̀��M�/�_�2�H�K�2���b�m�`�2�b�- �r�2 �}�M�/ �� �`�2�7�2�`�2�M�+�2 �T�Q�B�M�i �m�b�B�M�; �� �i�m�M���#�H�2
�T���`���K�2�i�2�`� 2 [0; 1]�c� = 0 �K�2���M�b �Q�M�H�v �`�2�H�2�p���M�+�2 �B�b ���+�+�Q�m�M�i�2�/ �7�Q�`�- ���M�/� = 1
�K�2���M�b �Q�M�H�v �7���B�`�M�2�b�b �B�b ���+�+�Q�m�M�i�2�/ �7�Q�`�X �L�2�t�i�- �r�2 �2�t�T�H���B�M �?�Q�r �i�Q �+�Q�K�T�m�i�2 �i�?�2 �`�2�7�2�`�2�M�+�2
�T�Q�B�M�i�X �q�2 �}�`�b�i �m�b�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�[�m���i�B�Q�M �i�Q �}�M�/ �i�?�2 �H�2�M�;�i�? �Q�7 �� �b�m�#�b�2�iT �Q�7 �i�?�2
�S�6�,lenPF(T) =

P jT j� 1
t=1 dE (x t ; xt+1 )�X �:�B�p�2�M �i�?���iP �B�b �i�?�2 �b�2�i �Q�7 ���H�H �S���`�2�i�Q�@�Q�T�i�B�K���H

�b�Q�H�m�i�B�Q�M�b�-x t = ( x t
r ; xt

f ) �B�b �i�?�2 �T���B�` �Q�7 �S���`�2�i�Q�@�Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M�b(xr ; xf ) �r�B�i�? �i�?�2t�@�i�?
�?�B�;�?�2�b�ixr �B�MP�- ���M�/dE �B�b �i�?�2 �1�m�+�H�B�/�2���M �/�B�b�i���M�+�2�X �h�?�2 �Q�p�2�`���H�H �S�6 �H�2�M�;�i�? �B�blenPF(P)
�Q�` �b�B�K�T�H�vlenPF�X

�h�?�2 �`�2�7�2�`�2�M�+�2 �T�Q�B�M�i �B�bs� = x t0
�- �r�?�2�`�2t0 �B�b �+�Q�K�T�m�i�2�/ ���b �7�Q�H�H�Q�r�b�,

t0 = ���`�; �K�B�M
j 2 [1;:::; jP j� 1]

�
� lenPF(T j ) � � � lenPF

�
�

T j �B�b �� �b�m�#�b�2�i �Q�7P �+�Q�M�i���B�M�B�M�; �i�?�2j �?�B�;�?�2�b�ixr �b�+�Q�`�2�b�X �a�Q�- �i�?�2 �`�2�7�2�`�2�M�+�2 �T�Q�B�M�i �B�b
�� �T�Q�B�M�i �B�M �i�?�2 �S�6 �r�?�Q�b�2 �+�m�K�m�H���i�B�p�2 �i�`���p�2�`�b���H �/�B�b�i���M�+�2 �B�b �+�H�Q�b�2�b�i �i�Q �i�?�2� �@�r�2�B�;�?�i�2�/
�S�6 �/�B�b�i���M�+�2 �i�`���p�2�H�H�2�/ �7�`�Q�K �i�?�2 �}�`�b�i �T�Q�B�M�i �B�M �i�?�2 �S�6�X �h�?�2 �`�2�7�2�`�2�M�+�2 �T�Q�B�M�is� �B�b �?�Q�r
�7���` �i�?�2 �S�6 �B�b �i�`���p�2�`�b�2�/�- �7�`�Q�K �i�?�2 �T���B�` �r�B�i�? �i�?�2 �#�2�b�i�_�2�H�b�+�Q�`�2 �i�Q �i�?�2 �Q�M�2 �r�B�i�?
�i�?�2 �#�2�b�i�6���B� �̀b�+�Q�`�2�- �K�m�H�i�B�T�H�B�2�/ �#�v� �X ���b �i�?�2 �S�6�b �K���v �?���p�2 �/�B�z�2�`�2�M�i �/�2�M�b�B�i�v �Q�7
�T�Q�B�M�i�b ���H�Q�M�; �i�?�2 �7�`�Q�M�i�B�2�`�b�- �i�?�2 �`�2�7�2�`�2�M�+�2 �T�Q�B�M�i �B�b �M�Q�i �+�Q�K�T�m�i�2�/ �#���b�2�/ �Q�M �� �T�2�`�+�2�M�i�B�H�2
�U�2�X�;�X�- �K�2�/�B���M�V �i�Q ���p�Q�B�/ �#�B���b �i�Q�r���`�/�b �i�?�2 �/�2�M�b�2�` �T���`�i�X �L�2�t�i�- �i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M
�2���+�? �K�Q�/�2�H�ö�b �Uxr ; xf �V �b�+�Q�`�2�b ���M�/ �i�?�2 �`�2�7�2�`�2�M�+�2 �T�Q�B�M�is� �B�b �+�Q�K�T�m�i�2�/ �r�B�i�? �� �/�B�b�i���M�+�2
�K�2���b�m�`�2d �i�?���i ���+�+�Q�K�K�Q�/���i�2�b �k�/�@�p�2�+�i�Q�`�b�X �h�?�2 �K�Q�/�2�H �r�B�i�? �i�?�2 �+�H�Q�b�2�b�i �/�B�b�i���M�+�2 �B�b
�i�?�2 �#�2�b�i �K�Q�/�2�H �B�M �i�2�`�K�b �Q�7 �#�Q�i�? �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b�- �;�B�p�2�M �i�?�2 �r�2�B�;�?�i� �X �q�2 �+���H�H
�i�?�B�b�.�B�b�i���M�+�2 �i�Q �S��� �̀2�i�Q �7� �̀Q�M�i�B�2�` �Q�7 �6���B�`�M�2�b�b ���M�/ �_�2�H�2�p���M�+�2�U�.�S�6�_�V�X

�8�X�j�X�9�1�{�+�B�2�M�i �+�Q�K�T�m�i���i�B�Q�M �Q�7 �S���`�2�i�Q �6�`�Q�M�i�B�2�`

�:�2�M�2�`���i�B�M�; �i�?�2 �S�6 ���b �B�Mx�8�X�j�X�k�B�b �+�Q�b�i�H�v�X ���M �2�{�+�B�2�M�i ���H�i�2�`�M���i�B�p�2 �B�b �i�Q �+�Q�K�T�m�i�2 ��
�b�m�#�b�2�i �Q�7 �i�?�2 �S�6�X �q�2 �T�B�+�F �� �}�t�2�/ ���K�Q�m�M�i �Q�7 �S���`�2�i�Q�@�Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M�b �i�Q �+�Q�K�T�m�i�2�-
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�6�`�Q�M�i�B�2�`

p �U�2�X�;�X�- �R�y�V�X �>�Q�r�2�p�2�`�- �i�Q �`�2�H�B���#�H�v ���T�T�`�Q�t�B�K���i�2 �i�?�2 �S�6�- �i�?�2�b�2 �b�Q�H�m�i�B�Q�M�b �b�?�Q�m�H�/ �#�2
�b�T�`�2���/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �S�6 �/�B�b�i�`�B�#�m�i�B�Q�M�- ���b �Q�T�T�Q�b�2�/ �i�Q �2�X�;�X�- �Q�M�H�v �+�Q�K�T�m�i�B�M�; �i�?�2 �}�`�b�i
p �T�Q�B�M�i�b �Q�7 �i�?�2 �S�6�X �h�?�2 �b�T�`�2���/ �Q�7 �i�?�2 �T�Q�B�M�i�b �B�b �B�K�T�Q�`�i���M�i�- ���b �i�?�2 �`�2�7�2�`�2�M�+�2 �T�Q�B�M�i �B�M
�.�S�6�_ �B�b �+�Q�K�T�m�i�2�/ �#���b�2�/ �Q�M �i�?�2 �Q�p�2�`���H�H �2�b�i�B�K���i�2�/ �S�6�X �A�M �i�?�2 �2�b�i�B�K���i�2�/ �S�6�- �i�?�2 �}�`�b�i
�T�Q�B�M�i �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �K�2���b�m�`�2 �b�+�Q�`�2�b �Q�7 �i�?�2 �B�M�B�i�B���H �`�2�+�Q�K�K�2�M�/���i�B�Q�M �;�B�p�2�M �#�v �i�?�2
�P�`���+�H�2�- ���M�/ �i�?�2 �`�2�b�i ���`�2 �b�T�`�2���/ �2�p�2�M�H�v �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �S�6 �;�2�M�2�`���i�B�Q�M�X �h�Q �b�2�H�2�+�i ���i
�r�?�B�+�? �T�Q�B�M�i �Q�7 �i�?�2�P�`���+�H�2�k�6���B�`���H�;�Q�`�B�i�?�K �i�?�2 �K�2���b�m�`�2�b �b�?�Q�m�H�/ �#�2 �+�Q�K�T�m�i�2�/�- �r�2
�}�`�b�i �2�b�i�B�K���i�2 �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �`�2�T�H���+�2�K�2�M�i�b �M�2�2�/�2�/ �#�v �2�t���K�B�M�B�M�; �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M
�Q�7 �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b �7�`�2�[�m�2�M�+�v�X �h�?�B�b �B�b �/�Q�M�2 �#�v �;�2�i�i�B�M�; �i�?�2 �B�M�/�B�p�B�/�m���H �7�`�2�[�m�2�M�+�v
�+�Q�m�M�i �Q�7 ���H�H �B�i�2�K�b �B�M �i�?�2 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�- ���M�/ �b�m�#�i�`���+�i�B�M�; �i�?�2 �B�/�2���H �m�T�T�2�` �#�Q�m�M�/ �Q�7
�B�i�2�K �+�Q�m�M�idkm/ ne �Ux�8�X�j�X�k�V �7�`�Q�K �2���+�? �+�Q�m�M�i�X �h�?�2 �M�m�K�#�2�` �Q�7 �2�t�T�2�+�i�2�/ �`�2�T�H���+�2�K�2�M�i�b
�B�b �i�?�2 �b�m�K �Q�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �B�i�2�K �7�`�2�[�m�2�M�+�v �+�Q�m�M�i ���M�/ �i�?�2 �B�/�2���H �m�T�T�2�`
�#�Q�m�M�/ �Q�7 �B�i�2�K �+�Q�m�M�i �B�Mx�8�X�j�X�k�X �A�i�2�K�b �r�B�i�? �`�2�+�Q�K�K�2�M�/���i�B�Q�M �7�`�2�[�m�2�M�+�v �+�Q�m�M�i�b �H�2�b�b
�i�?���M �i�?�2 �m�T�T�2�` �#�Q�m�M�/ ���`�2 �2�t�+�H�m�/�2�/�X �q�B�i�? �i�?�2 �2�b�i�B�K���i�2�/ �i�Q�i���H �M�m�K�#�2�` �Q�7 �`�2�T�H���+�2�K�2�M�i
numRep�- �r�2 �+�Q�K�T�m�i�2 �i�?�2 �K�2���b�m�`�2�b �2�p�2�`�vnumRep �/�B�p(p � 1) �`�2�T�H���+�2�K�2�M�i�b �/�Q�M�2 �#�v
�P�`���+�H�2�k�6���B�`�- �b�m�+�? �i�?���i �i�?�2 �K�2���b�m�`�2�b ���`�2 �+�Q�K�T�m�i�2�/ �� �i�Q�i���H �Q�7p � 1 �i�B�K�2�b �/�m�`�B�M�;
�i�?�2 �`�2�T�H���+�2�K�2�M�i �T�`�Q�+�2�b�b �Y �R �i�B�K�2 �#�2�7�Q�`�2 �i�?�2 �`�2�T�H���+�2�K�2�M�i �b�i���`�i�b�X �h�?�2�b�2p �T�Q�B�M�i�b
���`�2 �b�T�`�2���/ �2�p�2�M�H�v �B�M �i�2�`�K�b �Q�7 �/�B�b�i���M�+�2 �B�M �i�?�2 �S�6�- �r�?�B�+�? �B�b �B�K�T�Q�`�i���M�i ���b �.�S�6�_ �B�b ��
�/�B�b�i���M�+�2�@�#���b�2�/ �K�2���b�m�`�2�K�2�M�i�X

�8�X�9�1�t�T�2�`�B�K�2�M�i���H �a�2�i�m�T

�q�2 �b�i�m�/�v �?�Q�r �Q�m�` �D�Q�B�M�i �2�p���H�m���i�B�Q�M ���T�T�`�Q���+�?�- �.�S�6�_�- �+�Q�K�T���`�2�b �i�Q �2�t�B�b�i�B�M�; �b�B�M�;�H�2�@
���M�/ �K�m�H�i�B�@���b�T�2�+�i �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�b �Q�7 �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b�X �L�2�t�i�- �r�2 �T�`�2�b�2�M�i
�Q�m�` �2�t�T�2�`�B�K�2�M�i���H �b�2�i�m�T�X �h�?�2 �2�t�T�2�`�B�K�2�M�i�b ���`�2 �`�m�M �B�M �� �+�H�m�b�i�2�` �Q�7 �*�S�l�b ���M�/ �:�S�l�b
�U�2�X�;�X�- �A�M�i�2�H�U�_�V �s�2�Q�M�U�_�V �a�B�H�p�2�` �9�k�R�9�_ �*�S�l �! �k�X�9�y�:�>�x�- ���J�. �1�S�u�* �d�9�R�j ���M�/ �d�9�9�j�-
�h�B�i���M �s�f�s�T�f�o�- �h�B�i���M �_�h�s�- �Z�m���/�`�Q �_�h�s �e�y�y�y�- ���9�y�- ���R�y�y�- ���M�/ �>�R�y�y�V�X
�.���i���b�2�i�b�X�q�2 �m�b�2 �b�B�t �`�2���H�@�r�Q�`�H�/ �/���i���b�2�i�b �Q�7 �p���`�B�Q�m�b �b�B�x�2�b ���M�/ �/�Q�K���B�M�b�, �2�@�+�Q�K�K�2�`�+�2
�U���K���x�Q�M �G�m�t�m�`�v �"�2���m�i�v�- �B�X�2�X�- ���K���x�Q�M�@�H�# �(�R�8�e�)�V�- �K�Q�p�B�2�b �U�J�G�@�R�y�J ���M�/ �J�G�@�k�y�J �(�N�9�)�V�-
�K�m�b�B�+ �U�G���b�i�7�K �(�j�k�)�- �p�B�/�2�Q�b �U�Z�E�@�p�B�/�2�Q �(�k�9�d�)�V�- ���M�/ �D�Q�F�2�b �U�C�2�b�i�2�` �(�3�d�)�V�X �h�?�2 �/���i���b�2�i�b
���`�2 ���b �T�`�Q�p�B�/�2�/ �#�v �(�k�e�y�)�- �2�t�+�2�T�i �7�Q�` �Z�E�@�p�B�/�2�Q�- �r�?�B�+�? �r�2 �Q�#�i���B�M �7�`�Q�K �(�k�9�d�)�X �a�i���i�B�b�i�B�+�b
�Q�7 �i�?�2 �/���i���b�2�i�b ���`�2 �B�M �h���#�X�8�X�R���M�/ �2�t�i�2�M�/�2�/ �b�i���i�B�b�i�B�+�b ���`�2 �B�M ���T�T�X�8�X�d�X�R�X
�S�`�2�T�`�Q�+�2�b�b�B�M�;�X�q�2 �`�2�K�Q�p�2 �/�m�T�H�B�+���i�2 �B�M�i�2�`���+�i�B�Q�M�b �U�r�2 �F�2�2�T �i�?�2 �K�Q�b�i �`�2�+�2�M�i�V�X �q�2
�F�2�2�T �Q�M�H�v �m�b�2�`�b ���M�/ �B�i�2�K�b �r�B�i�?� 5 �B�M�i�2�`���+�i�B�Q�M�b�X �q�2 �+�Q�M�p�2�`�i �`���i�B�M�;�b �2�[�m���H�f���#�Q�p�2 �i�?�2
�7�Q�H�H�Q�r�B�M�; �i�?�`�2�b�?�Q�H�/ �i�Q1 ���M�/ �/�B�b�+���`�/ �i�?�2 �`�2�b�i�, �7�Q�` ���K���x�Q�M�@�H�# ���M�/ �J�G�@� �- �i�?�2 �i�?�`�2�b�?�Q�H�/
�B�b �j�- ���b �i�?�2�B�` �`���i�B�M�;�b �`���M�;�2 �#�2�i�r�2�2�M[1; 5] ���M�/[0:5; 5] �`�2�b�T�X�c �i�?�2 �i�?�`�2�b�?�Q�H�/ �7�Q�` �C�2�b�i�2�` �B�b
0�- ���b �i�?�2 �`���i�B�M�;�b �`���M�;�2 �B�M[� 10; 10]�X �G���b�i�7�K ���M�/ �Z�E�@�p�B�/�2�Q �?���p�2 �M�Q �`���i�B�M�;�b�X �Z�E�@�p�B�/�2�Q

�R�N�9



�*�?���T�i�2�` �8 �% �C�Q�B�M�i �1�p���H�m���i�B�Q�M �Q�7 �6���B�`�M�2�b�b ���M�/ �_�2�H�2�p���M�+�2 �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b �r�B�i�? �S���`�2�i�Q

�6�`�Q�M�i�B�2�`

�h���#�H�2 �8�X�R�, �a�i���i�B�b�i�B�+�b �Q�7 �i�?�2 �T�`�2�T�`�Q�+�2�b�b�2�/ �/���i���b�2�i�b�X

�/���i���b�2�i �O�m�b�2�`�b �Um�V �O�B�i�2�K�b �Un�V �O�B�M�i�2�`���+�i�B�Q�M�b �b�T���`�b�B�i�v �U�W�V

�G���b�i�7�K �(�j�k�) �R�-�3�8�N �k�-�3�k�j �d�R�-�j�8�8 �N�3�X�e�9�W
���K���x�Q�M�@�H�# �(�R�8�e�) �R�-�y�8�9 �d�N�R �R�k�-�j�N�d �N�3�X�8�R�W
�Z�E�@�p�B�/�2�Q �(�k�9�d�) �9�-�e�8�e �e�-�9�k�j �8�R�-�d�d�d �N�N�X�3�j�W
�C�2�b�i�2�` �(�3�d�) �e�j�-�d�k�9 �R�y�y �k�-�R�8�y�-�y�e�y �e�e�X�k�e�W
�J�G�@�R�y�J �(�N�9�) �9�N�-�j�d�3 �N�-�3�k�R �8�-�j�e�k�-�e�3�8 �N�3�X�3�N�W
�J�G�@�k�y�J �(�N�9�) �3�N�-�N�R�d �R�e�-�9�y�9 �R�y�-�8�3�3�-�R�9�R �N�N�X�k�3�W

�?���b �b�2�p�2�`���H �B�M�i�2�`���+�i�B�Q�M �i�v�T�2�b�c �r�2 �m�b�2 �i�?�2 �õ�b�?���`�B�M�;�ö �B�M�i�2�`���+�i�B�Q�M�b�X �6�Q�` �C�2�b�i�2�`�- �r�2 �`�2�K�Q�p�2
�m�b�2�`�b �r�B�i�?> 80 �B�M�i�2�`���+�i�B�Q�M�b�- �i�Q �T�`�Q�p�B�/�2 �� �H���`�;�2 �2�M�Q�m�;�? �M�m�K�#�2�` �Q�7 �B�i�2�K �+���M�/�B�/���i�2�b
�7�Q�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M �/�m�`�B�M�; �i�2�b�i�B�M�;�X�j

�.���i�� �b�T�H�B�i�b�X�h�Q �Q�#�i���B�M �i�?�2 �i�`���B�M�f�p���H�f�i�2�b�i �b�2�i�b �7�Q�` ���K���x�Q�M�@�H�# ���M�/ �J�G�@� �- �r�2 �m�b�2
�;�H�Q�#���H �i�2�K�T�Q�`���H �b�T�H�B�i�b �(�R�8�R�) �r�B�i�? �� �`���i�B�Q �Q�7 �e�,�k�,�k �Q�M �i�?�2 �T�`�2�T�`�Q�+�2�b�b�2�/ �/���i���b�2�i�b�X �:�H�Q�#���H
�`���M�/�Q�K �b�T�H�B�i�b �r�B�i�? �i�?�2 �b���K�2 �`���i�B�Q ���`�2 �m�b�2�/ �7�Q�` �i�?�2 �Q�i�?�2�` �/���i���b�2�i�b �i�?���i �?���p�2 �M�Q
�i�B�K�2�b�i���K�T�b�X �6�`�Q�K ���H�H �b�T�H�B�i�b�- �r�2 �`�2�K�Q�p�2 �m�b�2�`�b �r�B�i�?< 5 �B�M�i�2�`���+�i�B�Q�M�b �B�M �i�?�2 �i�`���B�M �b�2�i�X
�J�2���b�m�`�2�b�X �q�2 �K�2���b�m�`�2 �`�2�H�2�p���M�+�2 �U�_�2�H�V �r�B�i�? �>�B�i �_���i�2 �U�>�_�V�- �J�_�_�- �S�`�2�+�B�b�B�Q�M
�U�S�V�- �_�2�+���H�H �U�_�V�- �J���S�- ���M�/ �L�.�*�:�X �q�2 �K�2���b�m�`�2 �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b �U�6���B�`�V�- ���b
�T�2�` �(�R�d�d�)�- �r�B�i�? �C���B�M �A�M�/�2�t �U�C���B�M�V �(�R�y�R�-�k�e�9�)�- �Z�m���H�B�}�+���i�B�Q�M �6���B�`�M�2�b�b �U�Z�6�V �(�k�e�9�)�- �:�B�M�B
�A�M�/�2�t �U�:�B�M�B�V �(�3�8�-�R�9�d�)�- �6�`���+�i�B�Q�M �Q�7 �a���i�B�b�}�2�/ �A�i�2�K�b �U�6�a���i�V �(�R�e�d�)�- ���M�/ �1�M�i�`�Q�T�v �U�1�M�i�V
�(�R�e�d�-�k�y�y�)�X�9 �q�2 ���H�b�Q �m�b�2 �D�Q�B�M�i �K�2���b�m�`�2�b �U�6���B�`�Y�_�2�H�V ���b �T�2�` �(�R�d�3�)�, �A�i�2�K �"�2�i�i�2�`�@�P�z
�U�A�"�P�V �(�R�N�R�)�-�8 �J�2���M �J���t �1�M�p�v �U�J�J�1�V �(�R�N�R�)�- �A�M�2�[�m�B�i�v �Q�7 ���K�Q�`�i�B�x�2�/ ���i�i�2�M�i�B�Q�M �U�A�����V
�(�R�N�-�k�j�)�- �A�M�/�B�p�B�/�m���H�@�m�b�2�`�@�i�Q�@�B�M�/�B�p�B�/�m���H�@�B�i�2�K �7���B�`�M�2�b�b �U�A�A�@�6�V �(�8�e�-�k�j�9�)�- ���M�/ ���H�H�@�m�b�2�`�b�@�i�Q�@
�B�M�/�B�p�B�/�m���H�@�B�i�2�K �7���B�`�M�2�b�b �U���A�@�6�V �(�8�e�)�X �q�2 �/�2�M�Q�i�2 �#�v" �f# �K�2���b�m�`�2�b �r�?�2�`�2 �?�B�;�?�2�`�f�H�Q�r�2�`
�B�b �#�2�i�i�2�`�X �.�S�6�_ �B�b �+�Q�K�T�m�i�2�/ �r�B�i�? �1�m�+�H�B�/�2���M �/�B�b�i���M�+�2 ���M�/� = 0:5 �U�S�6 �K�B�/�T�Q�B�M�i�V
�7�Q�` ���H�H �/���i���b�2�i�b�- �b�Q �i�?�2 �K�B�/�T�Q�B�M�i �B�b �#���b�2�/ �Q�M �i�?�2 �2�K�T�B�`�B�+���H�H�v ���+�?�B�2�p���#�H�2 �b�+�Q�`�2�b�- �T�2�`
�/���i���b�2�i ���M�/ �K�2���b�m�`�2 �T���B�`�b�X �6�Q�` ���H�H �`�m�M�b�- �r�2 �m�b�2k = 10�X
�_�2�+�Q�K�K�2�M�/�2�`�b�X �q�2 �m�b�2 �9 �+�Q�K�K�Q�M �+�Q�H�H���#�Q�`���i�B�p�2 �}�H�i�2�`�B�M�;�@�#���b�2�/ �`�2�+�Q�K�K�2�M�/�2�`�b�,
�A�i�2�K�E�L�L �(�8�8�)�- �"�S�_ �(�R�3�8�)�- �J�m�H�i�B�o���1 �(�R�j�8�)�- ���M�/ �L�*�G �(�R�j�N�)�- �r�B�i�? �_�2�+�"�Q�H�2 �(�k�e�y�) ���M�/
�i�m�M�2 �i�?�2�B�` �?�v�T�2�`�T���`���K�2�i�2�`�b�X �q�2 �i�`���B�M �7�Q�` �j�y�y �2�T�Q�+�?�b �r�B�i�? �2���`�H�v �b�i�Q�T�T�B�M�;�- ���M�/ �F�2�2�T

�j �a�Q�K�2 �m�b�2�`�b �B�M �C�2�b�i�2�` �?���p�2 �B�M�i�2�`���+�i�2�/ �r�B�i�? ���H�K�Q�b�i ���H�H �R�y�y �B�i�2�K�b�X �A�7 �� �m�b�2�` �?���b �3�y �B�i�2�K�b �B�M �i�?�2
�i�`���B�M�f�p���H �b�2�i�- �i�?�2�`�2 �r�Q�m�H�/ �Q�M�H�v �#�2 �k�y �+���M�/�B�/���i�2 �B�i�2�K�b �i�Q �`�2�+�Q�K�K�2�M�/ �/�m�`�B�M�; �i�2�b�i�- �r�?�B�+�? �K���F�2�b �B�i
�2���b�B�2�` �i�Q ���+�?�B�2�p�2 �?�B�;�?�2�` �`�2�H�2�p���M�+�2�X

�9�h�?�2�b�2 ���`�2 �b�2�i�@�#���b�2�/ �K�2���b�m�`�2�b�- �#�m�i �r�2 �/�Q �M�Q�i �2�t�T�2�+�i �i�?�2 �+�Q�M�+�H�m�b�B�Q�M�b �i�Q �/�B�z�2�` �7�Q�` �`���M�F�@�#���b�2�/
�K�2���b�m�`�2�b �U���T�T�X�8�X�d�X�8�V�X

�8�h�?�2 �K�2���b�m�`�2 �A�i�2�K �q�Q�`�b�2�@�P�z �B�b �M�Q�i �m�b�2�/ ���b �B�i�b �7�Q�`�K�m�H���i�B�Q�M �B�b �?�B�;�?�H�v �b�B�K�B�H���` �i�Q �A�"�P�X
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�*�?���T�i�2�` �8 �% �C�Q�B�M�i �1�p���H�m���i�B�Q�M �Q�7 �6���B�`�M�2�b�b ���M�/ �_�2�H�2�p���M�+�2 �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b �r�B�i�? �S���`�2�i�Q

�6�`�Q�M�i�B�2�`

�i�?�2 �+�Q�M�}�;�m�`���i�B�Q�M �r�B�i�? �i�?�2 �#�2�b�i �L�.�*�:�!�R�y �/�m�`�B�M�; �p���H�B�/���i�B�Q�M�X �1���+�? �m�b�2�`�ö�b �i�`���B�M�f�p���H
�B�i�2�K�b ���`�2 �2�t�+�H�m�/�2�/ �7�`�Q�K �i�?�2�B�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �/�m�`�B�M�; �i�2�b�i�B�M�;�X
�6���B�` �_�2�@�`���M�F�2�`�b�X�h�Q �?���p�2 �7���B�`�2�` �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�- �r�2 �`�2�Q�`�/�2�` �i�?�2 �i�Q�Tk0 �B�i�2�K�b �i�?���i
���`�2 �T�`�2�@�Q�T�i�B�K�B�b�2�/ �7�Q�` �`�2�H�2�p���M�+�2�X �A�/�2���H�H�vk0 > k �i�Q ���H�H�Q�r �2�t�T�Q�b�B�M�; �B�i�2�K�b �i�?���i ���`�2 �M�Q�i
�B�M �i�?�2 �i�Q�Tk�X ���b �i�?�2�`�2 ���`�2 �7�2�r �`�2�H�2�p���M�i �B�i�2�K�b �T�2�` �m�b�2�` �B�M �_�a �/���i���-�e k0 �b�?�Q�m�H�/ �M�Q�i �#�2
�i�Q�Q �#�B�; �U�2�X�;�X�- �R�y�y�V�X �a�Q�- �r�2 �`�2�@�`���M�F �i�?�2 �i�Q�Tk0 = 25 �B�i�2�K�b �T�2�` �/���i���b�2�i ���M�/ �K�Q�/�2�H �m�b�B�M�;
�i�?�`�2�2 �K�2�i�?�Q�/�b�, �:�a�- �*�J�- ���M�/ �"�* �U�2�t�T�H���B�M�2�/ �#�2�H�Q�r�V�X �q�2 �`�2�@�`���M�F �b�2�T���`���i�2�H�v �T�2�` �m�b�2�`
�7�Q�` �*�J ���M�/ �"�*�- �Q�` ���H�i�Q�;�2�i�?�2�` �7�Q�` �:�a�- �7�Q�` ���H�Hk0m �`�2�+�Q�K�K�2�M�/�2�/ �B�i�2�K�b�- �r�?�2�`�2m �B�b �i�?�2
�M�m�K�#�2�` �Q�7 �m�b�2�`�b�X �P�i�?�2�` �7���B�` �`���M�F�B�M�; �K�2�i�?�Q�/�b �2�t�B�b�i �#�m�i �+���M�M�Q�i �#�2 �m�b�2�/ ���b �i�?�2�v ���T�T�H�v
�i�Q �;�`�Q�m�T �Q�` �i�r�Q�@�b�B�/�2�/ �7���B�`�M�2�b�b �Q�M�H�v �U�2�X�;�X�- �(�R�e�d�-�k�9�N�-�k�8�y�)�V�- �Q�` �i�Q �b�i�Q�+�?���b�i�B�+ �`���M�F�B�M�;�b
�Q�M�H�v �U�2�X�;�X�- �(�R�e�R�-�k�j�9�)�V�- �Q�` �/�Q �M�Q�i �b�+���H�2 �i�Q �H���`�;�2�` �/���i���b�2�i�b �U�2�X�;�X�- �(�R�N�-�R�N�R�)�V�X
�R�X �:� �̀2�2�/�v �a�m�#�b�i�B�i�m�i�B�Q�M �U�:�a�V �(�k�k�d�) �B�b �� �`�2�@�`���M�F�2�` �7�Q�` �B�M�/�B�p�B�/�m���H �B�i�2�K �7���B�`�M�2�b�b�X �q�2
�K�Q�/�B�7�v �i�?�2 �:�a ���H�;�Q�`�B�i�?�K�- �i�Q �`�2�T�H���+�2 �i�?�2 �K�Q�b�i �T�Q�T�m�H���` �B�i�2�K�b �r�B�i�? �i�?�2 �H�2���b�i �T�Q�T�m�H���`
�Q�M�2�b�- �#�Q�i�? �+�Q�M�b�B�/�2�`�B�M�; �?�Q�r �K���M�v �i�B�K�2�b ���M �B�i�2�K �B�b ���i �i�?�2 �i�Q�Tk0 �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b
�7�Q�` ���H�H �m�b�2�`�b �U���T�T�X�8�X�d�X�j�V�X ���b �b�m�+�?�- �B�i�2�K�b �+���M �#�2 �b�r���T�T�2�/ ���+�`�Q�b�b �m�b�2�`�b�X �h�Q �/�2�i�2�`�K�B�M�2
�r�?�B�+�? �B�i�2�K�b ���`�2 �K�Q�b�i �T�Q�T�m�H���` �U�B�X�2�X�- �i�Q �#�2 �`�2�T�H���+�2�/�V ���M�/ �H�2���b�i �T�Q�T�m�H���` �U�`�2�T�H���+�2�K�2�M�i
�B�i�2�K�b�V�- �i�?�2 �T���`���K�2�i�2�`� = 0:05 �B�b �m�b�2�/�X �q�2 �T���B�` �i�?�2�b�2 �i�r�Q �B�i�2�K �i�v�T�2�b�- ���M�/ �7�Q�` �2���+�?
�T���B�`�- �r�2 �+���H�+�m�H���i�2 �i�?�2 �H�Q�b�b �Q�7 �U�T�`�2�/�B�+�i�2�/�V �`�2�H�2�p���M�+�2 �B�7 �i�?�2 �B�i�2�K�b ���`�2 �b�r���T�T�2�/�X �q�2 �i�?�2�M
�`�2�T�H���+�2 �m�T �i�Q �k�8�W �Q�7 �i�?�2 �B�M�B�i�B���H �`�2�+�Q�K�K�2�M�/���i�B�Q�M�b�- �b�i���`�i�B�M�; �7�`�Q�K �B�i�2�K �T���B�`�b �r�B�i�? �i�?�2
�H�2���b�i �H�Q�b�b�X
�k�X �*�P�J�"�J�L�w �U�*�J�V �(�R�k�8�)�B�b �� �+�Q�K�K�Q�M �`���M�F �7�m�b�B�Q�M �K�2�i�?�Q�/�X �h�r�Q �`���M�F�B�M�;�b ���`�2 �7�m�b�2�/
�7�Q�` �2���+�? �m�b�2�`�, �Q�M�2 �#���b�2�/ �Q�M �i�?�2 �U�K�B�M�@�K���t�V �M�Q�`�K���H�B�b�2�/ �T�`�2�/�B�+�i�2�/ �`�2�H�2�p���M�+�2 �b�+�Q�`�2
���M�/ ���M�Q�i�?�2�` �#���b�2�/ �Q�M �i�?�2 �+�Q�p�2�`���;�2 �Q�7 �2���+�? �i�Q�Tk0 �B�i�2�K �U�i�Q ���T�T�`�Q�t�B�K���i�2 �7���B�`�M�2�b�b�V�X
�q�2 �+���H�+�m�H���i�2 �B�i�2�K �+�Q�p�2�`���;�2 �Q�M�H�v �#���b�2�/ �Q�M �i�?�2�B�` ���T�T�2���`���M�+�2 �B�M �i�?�2 �i�Q�Tk ���+�`�Q�b�b ���H�H
�m�b�2�`�b ���M�/ �K�B�M�@�K���t �M�Q�`�K���H�B�b�2 �i�?�2 �b�+�Q�`�2 ���+�`�Q�b�b ���H�H �m�b�2�`�b�X ���b �7���p�Q�m�`�B�M�; �B�i�2�K�b �r�B�i�?
�?�B�;�?�2�` �+�Q�p�2�`���;�2 �r�Q�m�H�/ �#�Q�Q�b�i �m�M�7���B�`�M�2�b�b�- �r�2 �;�2�M�2�`���i�2 �i�?�2 �`���M�F�B�M�; �m�b�B�M�;1 �K�B�M�m�b �i�?�2
�M�Q�`�K���H�B�b�2�/ �+�Q�p�2�`���;�2�X �*�J �m�b�2�b �� �K�m�H�i�B�T�H�B�2�` �#���b�2�/ �Q�M �i�?�2 �B�i�2�K ���T�T�2���`���M�+�2 �+�Q�m�M�i �B�M
�i�?�2 �i�r�Q �`���M�F�B�M�;�b ���#�Q�p�2�c �i�?�B�b �+�Q�m�M�i �B�b ���H�b�Q �Q�M�H�v �#���b�2�/ �Q�M �i�?�2 �i�Q�Tk�X �h�?�2 �`�2�b�m�H�i�B�M�;
�`���M�F�B�M�; �B�b �� �7�m�b�2�/ �`���M�F�B�M�; �Q�7 �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2�X
�j�X �"�Q� �̀/�� �*�Q�m�M�i �U�"�*�V�B�b �� �+�Q�K�K�Q�M �`���M�F �7�m�b�B�Q�M �K�2�i�?�Q�/�X �6�Q�` �2���+�? �m�b�2�`�- �r�2 �+�Q�K�#�B�M�2
�i�?�2 �Q�`�B�;�B�M���H �`�2�+�Q�K�K�2�M�/���i�B�Q�M �H�B�b�i ���M�/ �i�?�2 �`���M�F�B�M�;�b �#���b�2�/ �Q�M �B�M�+�`�2���b�B�M�; �B�i�2�K �+�Q�p�2�`���;�2�-
���b �B�M �*�J�X �l�M�H�B�F�2 �*�J�- �"�* �m�b�2�b �T�Q�B�M�i�b�X �>�B�;�?�2�` �T�Q�B�M�i�b ���`�2 �;�B�p�2�M �i�Q �B�i�2�K�b �T�H���+�2�/ ���i
�i�?�2 �i�Q�T�X �h�?�2 �`�2�b�m�H�i �B�b �� �7�m�b�2�/ �`���M�F�B�M�; �Q�7 �7���B�`�M�2�b�b ���M�/ �`�2�H�2�p���M�+�2�X

�e�h�?�2 �K�2�/�B���M �M�m�K�#�2�` �Q�7 �`�2�H�2�p���M�i �B�i�2�K�b �T�2�` �m�b�2�` ���+�`�Q�b�b ���H�H �/���i���b�2�i�b �B�b �k���8�j�- �b�2�2 ���T�T�X�8�X�d�X�R�X

�R�N�e



�*�?���T�i�2�` �8 �% �C�Q�B�M�i �1�p���H�m���i�B�Q�M �Q�7 �6���B�`�M�2�b�b ���M�/ �_�2�H�2�p���M�+�2 �B�M �_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b �r�B�i�? �S���`�2�i�Q

�6�`�Q�M�i�B�2�`

�8�X�8�1�t�T�2�`�B�K�2�M�i���H �_�2�b�m�H�i�b

�q�2 �M�Q�r �T�`�2�b�2�M�i �i�?�2 �2�p���H�m���i�B�Q�M �b�+�Q�`�2�b �Q�7 �R�e �`�m�M�b �U�9 �`�2�+�Q�K�K�2�M�/�2�`�b� �j �`�2�@�`���M�F�2�`�b�-
�B�M�+�H�m�/�B�M�; �M�Q �`�2�`���M�F�B�M�;�V �Ux�8�X�8�X�R�V�X �h�?�2 �`�2�H�2�p���M�+�2 ���M�/ �7���B�`�M�2�b�b �b�+�Q�`�2�b �Q�7 �i�?�2�b�2 �`�m�M�b ���`�2
�i�?�2 �B�M�T�m�i �i�Q �Q�m�` �.�S�6�_ ���T�T�`�Q���+�?�X �L�Q�i ���H�H �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �2�p���H�m���i�B�Q�M �K�2���b�m�`�2�b ���`�2
�b�m�B�i�2�/ �7�Q�` �S�6�X �q�2 �2�t�T�H���B�M �i�?�B�b �B�Mx�8�X�8�X�k�X �q�2 �T�`�2�b�2�M�i �i�?�2 �;�2�M�2�`���i�2�/ �S�6 �Ux�8�X�8�X�j�V ���M�/
�+�Q�K�T���`�2 �2�t�B�b�i�B�M�; �K�2���b�m�`�2�b �i�Q �.�S�6�_ �Ux�8�X�8�X�9�V�X �q�2 �+�Q�K�T���`�2 �i�?�2 �`�2�b�m�H�i�b �Q�7 �2�{�+�B�2�M�i
�.�S�6�_ �i�Q �Q�i�?�2�` �D�Q�B�M�i �2�p���H�m���i�B�Q�M ���T�T�`�Q���+�?�2�b �Ux�8�X�8�X�8�V�X

�8�X�8�X�R�:�`�Q�m�M�/�r�Q�`�F �_�m�M�b

�h�?�2 �b�+�Q�`�2�b �Q�7�_�2�H�- �6���B�`�- ���M�/�6���B�`�Y�_�2�H�K�2���b�m�`�2�b �7�Q�` �Q�m�` �R�e �`�m�M�b ���`�2 �b�?�Q�r�M �B�M
�i�?�2 ���T�T�2�M�/�B�t �U�h���#�X�8�X�e���8�X�d�V�X �h�r�Q �K���B�M �}�M�/�B�M�;�b �2�K�2�`�;�2 �7�`�Q�K �h���#�X�8�X�e���8�X�d�X �6�B�`�b�i�-
�7�Q�` ���H�H �b�B�t �/���i���b�2�i�b�-�M�Q�M�2 �Q�7 �i�?�2 �#�2�b�i �K�Q�/�2�H�b ���+�+�Q�`�/�B�M�; �i�Q �_�2�H ���`�2 ���H�b�Q �i�?�2
�#�2�b�i ���+�+�Q�`�/�B�M�; �i�Q �6���B�` �K�2���b�m�`�2�b�X �h�?�B�b �B�b �b�B�K�B�H���` �i�Q �Q�m�` �i�Q�v �2�t���K�T�H�2 �U�6�B�;�X�8�X�R�V�-
�r�?�2�`�2 �Q�M�2 �K�Q�/�2�H �`���M�F�b �?�B�;�?�2�b�i �7�Q�` �7���B�`�M�2�b�b ���M�/ ���M�Q�i�?�2�` �7�Q�` �`�2�H�2�p���M�+�2�X �a�2�+�Q�M�/�-�i�?�2
�}�p�2 �6���B�`�Y�_�2�H �K�2���b�m�`�2�b �?���p�2 �M�Q �m�M���M�B�K�Q�m�b ���;�`�2�2�K�2�M�i �Q�M �i�?�2 �#�2�b�i �K�Q�/�2�H�X
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