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quantum technologies

classical technologies
QRA

quantum resistant cryptography
classical cryptography resis��ng to quantum algorithms

Quantum Key Distribu��on (QKD)

V1
��rst genera��on, 

prepare-and 
measure based, 
protects public 

keys sent through 
op��cal links, use 
trusted nodes as 

repeaters

PQC
post-quantum cryptography

new classical asymmetric keys and 
signatures resis��ng to quantum algorithms

QCKA
Quantum 

Conference Key 
Agreement

entangled quantum 
keys shared with 

more than 2 par��es.

V2
second genera��on, 

entanglement based,
protects public keys 
sent through op��cal 
links, use memory 
based repeaters

symmetric keys
classical cryptography already 

resistant to quantum algorithms 
(AES, …)

quantum Internet

QRNG
quantum random 
key generators

ensure the quality 
of public keys in 

classical and 
quantum 

cryptography

entanglement distribu��on
entangled photons distribu��on 

to mul��ple par��es

quantum repeaters
with quantum memory, enable 

entanglement sharing over long distances

quantum teleporta��on
telepor��ng one qubit state to another 
qubit using entanglement distribu��on

enabling quantum technologies

distributed 
quantum 
sensing

clock 
synchroniza��on

anonymous 
data 

transmission

Quantum 
Secure Direct 

Communica��on 

quantum money

quantum 
compu��ng 

cryptography

quantum 
posi��on 

veri��ca��on

quantum gate teleporta��on
implemen��ng a two-qubit 

gate remotely

distributed 
quantum 

compu��ng

blind and 
veri��able 
delegated 
compu��ng

qubit 
transduc��on

unsafe 
cryptography

classical 
cryptography based 

on RSA
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• determines p and q, two large random prime numbers
• computes N = pqwhich is a very large integer (preferably >=2048 bits). It 

becomes part of the public and private key.
• evaluate N’s Euler to��ent = (p-1)(q-1) which counts the integers 

between 1 and N which are coprime with N. It is kept secret.
• evaluate e, a prime number such as gcd(e, 
• compute the private exponent d such as .

emi��er receiver

use public key (N, e) 
to encrypt the data

sends public key

encrypted 
data

sends encrypted data 
using public key

original 
informa��on 

sends the public key (N, e) 
to the sender of the data

use private key d, kept by the receiver, and the public 
key to decode the data

RSA cryptography
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threatens public key-based cybersecurity
RSA, ECDH, ECDSA, SSL/TLS, VPNs (IPsec), SSH, PGP, S/MIME),
Signal (WhatsApp), Bitcoin & Blockchain signatures

threatens symmetric keys cybersecurity
improves brute force a��ack of hash
func��ons (SHA) and block ciphers (AES) 
used in symmetric encryp��on

Peter Shor factoring algorithm - 1994
integer factoring
exponen��al accelera��on

Lov Grover search algorithm - 1996
brute force to break symmetric codes
polynomial accelera��on

threatens Digital Signature Algorithm, Di�� e-Hellman
key exchanges and El-Gamal encryp��on

Peter Shor dlog algorithm- 1994
exponen��al accelera��on

David Simon algorithm- 1996
exponen��al accelera��on

threatens Even-Mansour ciphers
used in some disk encryp��ons
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Google
PQ Solu��ons
PQShield

UK: U. London, U. Plymouth.
Switzerland: ETH Zurich. 
USA: U. Illinois & Chicago, U. Florida, Yale.
Europe: U. Ruhr Bochum, U. Eindhoven, U. Southern, Denmark, MPI, Inria (France).
Taiwan: Academia Sinica.
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IBM Research Europe
Arm, PQShield
NXP Semiconductors

USA: SRI.
Canada: U. Waterloo.
Europe: Radboud U. Netherlands, U. Ruhr Bochum, ENS Lyon.

ML-KEM
CRYSTALS-KYBER

Qualcomm
NTT
Algorand, PQShield

Europe: Radboud U Netherlands, Eindhoven U.
USA: Brown U.
Canada: U. Waterloo.

NTRU

Europe: KU Leuven (Belgium).
UK: Birmingham U.

SABER

IBM Research Europe
Google, PQShield

USA: Florida Atlan��c U.
Switzerland: ETH Zurich.
Europe: CWI Netherlands, U. Ruhr Bochum, MPI, ENS Lyon.
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IBM Research
PQShield, Qualcomm
Ethereum Founda��on
Thales

Europe:  ENS Paris, U. Rennes (France).
USA: Brown U.

FN-DSA
FALCON

Europe: FAU Erlangen Nuremberg, U. Versailles.
USA: Cincinna�� U.
Taiwan: Academia Sinica, Na��onal Taiwan U.

Rainbow

��n
al

is
ts

Grey: 2020 selec��on
Green: 2022 selec��on
Red: broken in 2022

�6�B�;�m�`�2 �R�d�, �L�A�a�h �}�M���H�B�b�i�b�ö �b�2�H�2�+�i�B�Q�M �B�M �k�y�k�y�X �A�M �;�`�2�2�M�- ���H�;�Q�`�B�i�?�K�b �b�2�H�2�+�i�2�/ �7�Q�` �b�i���M�/���`�/�B�x���i�B�Q�M �B�M �k�y�k�k�X �*�_�u�a�h���G�a�@�E�v�#�2�`
�#�2�+���K�2 �J�G�@�E�1�J �B�M �6�A�S�a �k�y�j ���M�/ �*�_�u�a�h���G�a�@�.�B�H�B�i�?�B�m�K �#�2�+���K�2 �J�G�@�.�a�� �B�M �6�A�S�a �k�y�9�- �#�Q�i�? �}�M���H�B�x�2�/ �B�M ���m�;�m�b�i �k�y�k�9�X
�6���H�+�Q�M �B�b �#�2�B�M�; �b�i���M�/���`�/�B�x�2�/ ���b �6�L�@�.�a�� �B�M �6�A�S�a �k�y�e�X ���b �Q�7 �a�2�T�i�2�K�#�2�` �k�y�k�e�- �6�A�S�a �k�y�e �B�b �b�i�B�H�H �m�M�/�2�` �/�2�p�2�H�Q�T�K�2�M�i ���+�+�Q�`�/�B�M�;
�i�Q �i�?�2 �L�A�a�h �S�Z�* �T�`�Q�D�2�+�i �T���;�2�X �h�?�2 �7�`�2�[�m�2�M�i�H�v �+�B�i�2�/ �+�Q�M�b�i���M�i�@�i�B�K�2 ���M�/ �~�Q���i�B�M�;�@�T�Q�B�M�i �B�K�T�H�2�K�2�M�i���i�B�Q�M �/�B�{�+�m�H�i�v �B�b ���M
�B�M�i�2�`�T�`�2�i���i�B�Q�M ���M�/ �M�Q�i �� �L�A�a�h�@�b�i���i�2�/ �+���m�b�2�X �A�M �`�2�/�- �#�`�Q�F�2�M �S�Z�*�X� �P�H�B�p�B�2�` �1�x�`���i�i�v�- �k�y�k�k�@�k�y�k�e�X

vendors teamsresearch teams��nalists

Intel
Google
IBM
Worldline France

USA: U. Washington, Florida U.
Europe: U. Limoges, ENAC & U. Toulouse, Inria, U. Bordeaux (France), U. Ruhr Bochum (Germany).
Israel: U. Haifa.
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Microso��  Research
PQShield

USA: U. Michigan. Stanford U.
Netherlands: CWI.
Canada: U. Waterloo.
Middle-East: Ege University (Turkey).

FrodoKEM

Worldline France and 
Netherlands

France: ISAE-Supaero, Limoges U., ENAC, U. Toulouse, Toulon U., Bordeaux U.
USA: Florida U.

HQC

NXP

Taiwan: Academia Sinica, Na��onal Taiwan U.
Australia: U. Adelaide.
Europe: Eindhoven U (Netherlands), Hamburg U. (Germany), Tampere U. (Finland).
USA: Illinois U.

NTRU Prime

evolu��onQ
Amazon
Microso�� Research
Infosec Global
Texas Instruments

USA: Florida U.
Canada: Waterloo U., Toronto U.
Europe: Radboud U. Netherlands, U. Versailles (France).

SIKE

CryptoNext
Orange

France:  Inria, University of Versailles and Sorbonne Université.GeMSS
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Microso��  Research
D��nity

USA: Northwestern U., GeorgiaTech, U. Maryland., Princeton U.
Europe: Austrian Ins��tute of Technology, TU Graz (Austria), Aarhus U. (Denmark), DTU (Denmark).

Picnic

Cisco, In��neon
Infosec Global
Genua, Taurus

Europe: U.Ruhr Bochum, KU Leuven, TU Graz, Eindhoven U, Radboud U.SLH-DSA
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Grey: 2020 selec��on
Green: 2022 selec��on
Red: broken in 2022
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T
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matrix

linear matrix

x’

y’

exit y

P = T �� F �� S
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mul��plica��on

encoding with public key

S-1

F-1

T-1

x = (x1, x2, … , xn)

x’

y’

decoding with private keys

T , F , S

private key:
three 

matrices
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���M�/ �b�K���H�H�2�` �7�Q�`�K �7���+�i�Q�`�b �(�k�9�3���k�8�k�)�X �*�Q�K�K�2�`�+�B���H �T�`�Q�/�@
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�K�Q�M�B�i�Q�`�B�M�;�X

�1�p���H�m���i�B�Q�M�X �� �}�M�B�i�2 �Q�m�i�T�m�i �b�2�[�m�2�M�+�2 �+���M�M�Q�i �#�2 �T�`�Q�p�2�/
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�k�8�3�)�X �6�Q�` �T�?�v�b�B�+���H �2�M�i�`�Q�T�v �b�Q�m�`�+�2�b�- �i�?�2 �K�Q�`�2 �`�2�H�2�p���M�i
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�`�Q�`�b ���M�/ �b�B�/�2 �+�?���M�M�2�H�b �(�k�8�8�)�X �a�i���i�B�b�i�B�+���H �[�m���H�B�i�v �Q�7 �i�?�2
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Test Defect detected Property

Frequency (monobit) Too many zeroes or ones Equally likely (global)

Frequency (block) Too many zeroes or ones Equally likely (local)

Runs test Oscillation of zeroes and ones too fast or too slow Sequential dependence (locally)

Longest run of ones in a block Oscillation of zeroes and ones too fast or too slow Sequential dependence (globally)

Binary matrix rank Deviation from expected rank distribution Linear dependence

Discrete fourier transform (spectral) Repetitive patterns Periodic dependence

Non-overlapping template matching Irregular occurences of a prespecified template Periodic dependence and equally likely

Overlapping template matching Irregular occurences of a prespecified template Periodic dependence and equally likely

Maurer's universal statistical Sequence is incompressible Dependence and equally likely

Linear complexity Linear feedback shift register (LFSR) too short Dependence

Serial Non-uniformity in the joint distribution for m-length 
sequences

Equally likely

Approximate entropy Non-uniformity in the joint distribution for m-length 
sequences

Equally likely

Cumulative sums (cusum) Too many zeroes or ones at either an early or late 
stage in the sequence

Sequential dependence

Random excursions Deviation from the distribution of the number of visits of 
a random walk to a certain state

Sequential dependence

Random excursions variants Deviation from the distribution of the number of visits 
(across many random walks) to a certain state

Sequential dependence

�6�B�;�m�`�2 �j�R�, �h�?�2 �L�A�a�h �i�2�b�i �b�m�B�i�2 �7�Q�` �Z�_�L�:�X �a�Q�m�`�+�2�, �(�k�8�N�)�X
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�T�H�2�K�2�M�i���i�B�Q�M�X �h�?�2 �2�M�i�`�Q�T�v �b�Q�m�`�+�2 �m�b�2�b �� �o�*�a�1�G �H���b�2�`
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�B�M�+�`�2���b�2 �`���r �F�2�v �`���i�2�b �(�j�y�y�)�X �h�?�2 �[�m���M�i�m�K �F�2�v�b �i�`���M�b�7�2�`
�`���i�2 �+���M �#�2 �K�m�+�? �H�Q�r�2�` �i�?���M �i�?�2 �T�?�v�b�B�+���H �/���i�� �`���i�2 ���p���B�H�@
���#�H�2�X �h�?�2�`�2 ���`�2 �7�m�M�/���K�2�M�i���H �#�Q�m�M�/�b �Q�M �?�Q�r �K���M�v �b�2�+�`�2�i
�F�2�v�b �+���M �#�2 �;�2�M�2�`���i�2�/ �Q�p�2�` �� �M�Q�B�b�v �[�m���M�i�m�K �+�?���M�M�2�H�X ��
�k�y�k�j �`�2�+�Q�`�/ �r���b �#�`�Q�F�2�M �#�v �� �i�2���K �B�M �*�?�B�M���- �r�B�i�? �b�2�+�`�2�i
�F�2�v�b �;�2�M�2�`���i�2�/ ���i �R�R�8�X�3 �J�#�f�b �Q�p�2�` �� �R�y �F�K �b�i���M�/���`�/
�Q�T�i�B�+���H �}�#�2�`�- ���M�/ �/�B�b�i�`�B�#�m�i�2�/ �F�2�v�b �Q�p�2�` �m�T �i�Q �j�k�3 �F�K �Q�7
�m�H�i�`���H�Q�r�@�H�Q�b�b �}�#�2�` �7�Q�` �K�Q�`�2 �i�?���M �8�y �?�Q�m�`�b�X �h�?�2 �T�`�2�+�2�@
�/�2�M�i �`�2�+�Q�`�/ �b�2�+�`�2�i �F�2�v �`���i�2 �r���b �Q�7 �R�y �J�#�f�b �Q�p�2�` �R�y �F�K
�b�i���M�/���`�/ �Q�T�i�B�+���H �}�#�2�` �(�j�y�R�)�X ���i �H�Q�M�;�2�` �/�B�b�i���M�+�2�b�- �� �*�?�B�M��
�i�2���K �/�B�/ �b�m�T�T�Q�`�i �2�M�i���M�;�H�2�K�2�M�i�@�#���b�2�/ �F�2�v �`���i�2�b �Q�7 �m�T �i�Q
�9�9�y�X�3�y �#�B�i�b�f�b �Q�p�2�` �k�y�y �F�K ���M�/ �� �K���t�B�K�m�K �/�B�b�i���M�+�2 �Q�7

�9�y�9 �F�K�- �#�m�i �r�B�i�? �� �K�m�+�? �H�Q�r�2�` �`���i�2 �Q�7 �R�X�8�8� �R�y� 3 �#�B�i�b�f�b�-
���H�H �Q�7 �B�i �B�M �i�?�2 �R�-�8�e�y �M�K �i�2�H�2�+�Q�K�K�m�M�B�+���i�B�Q�M �#���M�/�X �h�?�2
�b�v�b�i�2�K �`�2�H�B�2�b �Q�M ���M �m�H�i�`���@�#�`�B�;�?�i �T�Q�H���`�B�x���i�B�Q�M�@�2�M�i���M�;�H�2�/
�T�?�Q�i�Q�M �b�Q�m�`�+�2 �m�b�B�M�; �� �i�v�T�2�@�y �Z�S�J �S�S�G�L �U�[�m���b�B�@�T�?���b�2�@
�K���i�+�?�B�M�;�- �T�2�`�B�Q�/�B�+���H�H�v �T�Q�H�2�/ �H�B�i�?�B�m�K �M�B�Q�#���i�2�V �r���p�2�;�m�B�/�2
�/�`�B�p�2�M �#�v �� �d�3�y �M�K �T�m�K�T �H���b�2�` �(�j�y�k�)�X �P�M �i�?�2 �+�?�B�T �b�B�/�2�-
�� �l�a�h�* �i�2���K �/�2�K�Q�M�b�i�`���i�2�/ �B�M �.�2�+�2�K�#�2�` �k�y�k�8 �� �8 �:�>�x
�B�M�i�2�;�`���i�2�/ �T�Q�H���`�B�x���i�B�Q�M�@�2�M�+�Q�/�B�M�; �Z�E�. �b�v�b�i�2�K �+�Q�K�#�B�M�@
�B�M�; �� �M�2�r �T�Q�H���`�B�x���i�B�Q�M�@�b�i���i�2 �T�`�2�T���`���i�B�Q�M �b�+�?�2�K�2�- ���M
�m�H�i�`���@�H�Q�r �i�B�K�2�@�D�B�i�i�2�` �H���b�2�` �b�Q�m�`�+�2 ���M�/ �a�L�a�S�.�b�- �;�2�M�2�`�@
���i�B�M�; �R�X�y�d�e �J�#�T�b �Q�p�2�` �R�8�y �F�K ���M�/ �R�y�8 �F�#�T�b �Q�p�2�` �k�y�y
�F�K �Q�7 �b�i���M�/���`�/ �b�B�M�;�H�2�@�K�Q�/�2 �}�#�2�`�- �r�B�i�? ���p�2�`���;�2 �Z�"�1�_�b
�Q�7 �y�X�8�k�W ���M�/ �y�X�9�9�W �B�M �i�?�2 �w ���M�/ �s �#���b�2�b ���M�/ �� �b�i���#�H�2
�R�X�y�k�8 �J�#�T�b �Q�m�i�T�m�i �Q�p�2�` �e �?�Q�m�`�b �Q�7 �+�Q�M�i�B�M�m�Q�m�b �Q�T�2�`���i�B�Q�M
���i �R�8�y �F�K �(�j�y�j�)�X �h�?�B�b �B�b �R �i�Q �k �Q�`�/�2�`�b �Q�7 �K���;�M�B�i�m�/�2
���#�Q�p�2 �i�?�2 �T�`�2�p�B�Q�m�b �B�M�i�2�;�`���i�2�/ �Z�E�. �b�v�b�i�2�K�b ���i �i�?�2�b�2
�/�B�b�i���M�+�2�b�X

�h�?�2 �Z�E�. �[�m���M�i�m�K �+�?���M�M�2�H�b ���M�/ �+�H���b�b�B�+���H �/���i�� �+���M �#�2
�+�Q�M�p�2�v�2�/ �Q�M �i�?�2 �b���K�2 �}�#�2�`�X �A�i �r���b �2�t�T�2�`�B�K�2�M�i�2�/ �B�M
�k�y�k�j �#�v �P�`���M�;�2 ���M�/ �h�Q�b�?�B�#�� �1�m�`�Q�T�2 �Q�p�2�` �8�y �F�K �m�b�@
�B�M�; �� �R�-�j�R�y �M�K �}�#�2�` �7�Q�` �i�?�2 �+�Q�@�T�`�Q�T���;���i�B�Q�M �Q�7 �� �Z�E�.
�[�m���M�i�m�K �+�?���M�M�2�H ���M�/ �+�H���b�b�B�+���H �b�B�;�M���H�b �m�b�B�M�; �e�y�@�+�?���M�M�2�H

�Z�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���M�/ �+�`�v�T�i�Q�;�`���T�?�v �Z�m���M�i�m�K �E�2�v �.�B�b�i�`�B�#�m�i�B�Q�M �� �9�8



�q�.�J �U�r���p�2�H�2�M�;�i�? �/�B�p�B�b�B�Q�M �K�m�H�i�B�T�H�2�t�B�M�;�V ���i �R�y�y �:�#�f�b
�(�j�y�9�)�X �A�i �+���M �2�p�2�M �#�2 �/�Q�M�2 �i�?�2 �b���K�2 �7�`�2�[�m�2�M�+�v �(�j�y�8�)�X

�P�i�?�2�` �7�m�M�/���K�2�M�i���H �[�m�2�b�i�B�Q�M�b ���#�Q�m�M�/ ���#�Q�m�i �i�?�2 �Q�p�2�`���H�H
���`�+�?�B�i�2�+�i�m�`�2 ���M�/ �i�Q�T�Q�H�Q�;�v �Q�7 �Z�E�. �M�2�i�r�Q�`�F�b�- �K�Q�b�i �Q�7 �i�?�2
�i�B�K�2 �r�Q�`�F�B�M�; �B�M �ó�T�Q�B�M�i �i�Q �T�Q�B�M�i�ô ���M�/ �`�2�H�v�B�M�; �Q�M �b�Q�@�+���H�H�2�/
�i�`�m�b�i�2�/ �M�Q�/�2�b�- �r�?�B�+�? �+���M �#�2 �+�Q�M�b�B�/�2�`�2�/ ���b �ó�+�H���b�b�B�+���H�ô
�`�2�T�2���i�2�`�b �(�j�y�e�)�X �S�`�Q�T�Q�b���H�b ���#�Q�m�M�/ �i�Q �+�`�2���i�2 �T�Q�B�M�i�@�i�Q�@
�K�m�H�i�B�T�Q�B�M�i �(�j�y�d�)�- �H���`�;�2 �K�m�H�i�B�@�T�Q�B�M�i �M�2�i�r�Q�`�F�b ���M�/ �`�Q�m�i�B�M�;
�T�`�Q�i�Q�+�Q�H�b �(�j�y�3���j�R�9�) ���M�/ �Q�M �2�M�i���M�;�H�2�K�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M
�Q�T�i�B�K�B�x���i�B�Q�M �(�j�R�8�-�j�R�e�)�X

�6�B�;�m�`�2 �9�R�, �h���#�H�2 �Q�7 �Z�E�. �T�`�Q�i�Q�+�Q�H�b �#�2�i�r�2�2�M �.�o ���M�/ �*�o
�Q�M�2�b�X �A �/�Q�M�ö�i �+�Q�p�2�` �i�?�2�K ���H�H �B�M �i�?�B�b �#�Q�Q�F�X �a�Q�m�`�+�2�b�, �a�Q�m�`�+�2�,
�(�k�d�9�)�X

�h�?�2�`�2 ���`�2 �b�2�p�2�`���H �Z�E�. �i�`�m�b�i �K�Q�/�2�H�b �#�2�v�Q�M�/ �i�?�2 �#���b�B�+
�.�o�f�*�o �/�B�b�i�B�M�+�i�B�Q�M�- ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2�9�k�X�.�A�@�Z�E�.
�U�/�2�p�B�+�2�@�B�M�/�2�T�2�M�/�2�M�i �Z�E�.�V �/�2�`�B�p�2�b �b�2�+�m�`�B�i�v �7�`�Q�K �Q�#�@
�b�2�`�p�2�/ �"�2�H�H �+�Q�`�`�2�H���i�B�Q�M�b ���M�/ �b�m�#�b�i���M�i�B���H�H�v �`�2�/�m�+�2�b �i�?�2
�M�2�2�/ �i�Q �K�Q�/�2�H �i�?�2 �B�M�i�2�`�M���H �#�2�?���p�B�Q�` �Q�7 �i�?�2 �[�m���M�i�m�K
�/�2�p�B�+�2�b�- �#�m�i �B�i �/�Q�2�b �M�Q�i �2�H�B�K�B�M���i�2 �2�p�2�`�v �b�B�/�2 �+�?���M�@
�M�2�H �Q�` �H���#�Q�`���i�Q�`�v ���b�b�m�K�T�i�B�Q�M �(�j�R�d���j�k�R�)�X �A�i �b�i�B�H�H �`�2�@
�[�m�B�`�2�b�- ���K�Q�M�; �Q�i�?�2�` �+�Q�M�/�B�i�B�Q�M�b�- �b�2�+�m�`�2 �H���#�Q�`���i�Q�`�B�2�b�- �T�`�B�@
�p���i�2 �`���M�/�Q�K�M�2�b�b�- ���M ���m�i�?�2�M�i�B�+���i�2�/ �+�H���b�b�B�+���H �+�?���M�M�2�H
���M�/ �+�H�Q�b�m�`�2 �Q�7 �i�?�2 �`�2�H�2�p���M�i �"�2�H�H�@�i�2�b�i �H�Q�Q�T�?�Q�H�2�b�X�J�.�A�@
�Z�E�. �U�K�2���b�m�`�2�K�2�M�i�@�/�2�p�B�+�2�@�B�M�/�2�T�2�M�/�2�M�i �Z�E�.�V �`�2�K�Q�p�2�b
�/�2�i�2�+�i�Q�`�@�b�B�/�2�@�+�?���M�M�2�H ���b�b�m�K�T�i�B�Q�M�b �#�v ���H�H�Q�r�B�M�; �i�?�2 �+�2�M�@
�i�`���H �K�2���b�m�`�2�K�2�M�i �b�i���i�B�Q�M �i�Q �#�2 �m�M�i�`�m�b�i�2�/ �(�j�k�k�-�j�k�j�)�c �B�i
�b�i�B�H�H �`�2�H�B�2�b �Q�M ���b�b�m�K�T�i�B�Q�M�b ���#�Q�m�i �i�?�2 �m�b�2�`�b�ö �b�i���i�2 �T�`�2�T���`���@
�i�B�Q�M�- ���M�/ �B�i ���H�b�Q �?���b �*�o �p���`�B���M�i�b �(�j�k�9�)�X �(�j�k�8�) �T�`�Q�T�Q�b�2�/ �B�M
�k�y�k�e �i�Q �K���F�2 �*�o�@�J�.�A�@�Z�E�. �`�2�H���v �+�?���B�M�b �7���m�H�i�@�i�Q�H�2�`���M�i
�r�B�i�? �#�Q�b�Q�M�B�+ �:�E�S �+�Q�/�2�b�- ���H�i�?�Q�m�;�? �B�i�b �M�m�K�2�`�B�+���H ���b�@
�b�m�K�T�i�B�Q�M�b �`�2�K���B�M �7���` �#�2�v�Q�M�/ �+�m�`�`�2�M�i �B�K�T�H�2�K�2�M�i���i�B�Q�M�b�X
�� �H�Q�Q�T�?�Q�H�2�@�7�`�2�2 �.�A�@�Z�E�. �2�t�T�2�`�B�K�2�M�i �m�b�B�M�; �i�r�Q �B�M�/�2�T�2�M�@
�/�2�M�i�H�v �i�`���T�T�2�/ �`�m�#�B�/�B�m�K ���i�Q�K�b �B�M �#�m�B�H�/�B�M�;�b ���#�Q�m�i �9�y�y
�K ���T���`�i �r���b �`�2�T�Q�`�i�2�/ �B�M �k�y�k�k �(�j�k�e�)�X �� �k�y�k�e �*�?�B�M�2�b�2
�2�t�T�2�`�B�K�2�M�i �2�t�i�2�M�/�2�/ �� �K�2�K�Q�`�v�@���b�b�B�b�i�2�/ �.�A�@�Z�E�. �#�m�B�H�/�@
�B�M�; �#�H�Q�+�F �i�Q �� �R�y �F�K �T�?�v�b�B�+���H �}�#�2�` �H�B�M�F ���M�/ �`�2�T�Q�`�i�2�/
�T�Q�b�B�i�B�p�2 ���b�v�K�T�i�Q�i�B�+ �F�2�v �+���H�+�m�H���i�B�Q�M�b ���i �H�Q�M�;�2�` �2�z�2�+�i�B�p�2
�H�Q�b�b �(�j�k�d�)�X

�6�B�;�m�`�2 �9�k�, �J���T �Q�7 �Z�E�. �T�`�Q�i�Q�+�Q�H�b�X �a�Q�m�`�+�2�, �b�H�B�/�2 �N �B�M �(�j�k�3�)�X

�Z�m���M�i�m�K �*�Q�M�7�2�`�2�M�+�2 �E�2�v ���;�`�2�2�K�2�M�i�U�Z�*�E���V �B�b
���M �2�t�i�2�M�b�B�Q�M �Q�7 �Z�E�. �T�`�Q�i�Q�+�Q�H�b �i�Q �2�M���#�H�2 �i�?�2 �;�2�M�2�`���@
�i�B�Q�M �Q�7 �[�m���M�i�m�K �b�2�+�`�2�i �F�2�v�b ���K�Q�M�; �b�2�p�2�`���H �m�b�2�`�b�X �h�?�2
�T�`�Q�i�Q�+�Q�H �+���M �K���F�2 �m�b�2 �Q�7 �L�@�/�B�K�2�M�b�B�Q�M �2�M�i���M�;�H�2�/ �:�>�w
�b�i���i�2�b �b�?���`�2 ���+�`�Q�b�b �i�?�2 �T���`�i�B�2�b �Q�` �r�Q�`�F �r�B�i�? �+�Q�M�i�B�M�m�Q�m�b
�p���`�B���#�H�2 �T�?�Q�i�Q�M�b �(�j�k�N�)�X �h�?�2�`�2 �B�b �2�p�2�M ���M �J�.�A�@�Z�*�E��
�p���`�B���M�i �m�b�B�M�; �T�Q�b�i�@�b�2�H�2�+�i�2�/ �:�>�w �b�i���i�2�b �(�j�j�y�-�j�j�R�) ���M�/
���M ���M�Q�M�v�K�Q�m�b �Z�*�E�� �p�2�`�b�B�Q�M �(�j�j�k�)�X �� �T�?���b�2�@�K���i�+�?�B�M�;
�Z�*�* �p���`�B���M�i �r���b �2�t�T�2�`�B�K�2�M�i���H�H�v �/�2�K�Q�M�b�i�`���i�2�/ �B�M �k�y�k�e
�#�v �C�B���M�@�q�2�B �S���M�ö�b �i�2���K �Q�p�2�` �B�M�i�2�`�+�B�i�v �}�#�2�` �+�?���M�M�2�H�b
�B�M �#�Q�i�? �b�v�K�K�2�i�`�B�+ ���M�/ ���b�v�K�K�2�i�`�B�+ �H�Q�b�b �+�Q�M�}�;�m�`���i�B�Q�M�b�-
�i�?�2 ���b�v�K�K�2�i�`�B�+ �Q�M�2 �#�2�B�M�; �i�?�2 �`�2���H�B�b�i�B�+ �+���b�2 �B�M �/�2�T�H�Q�v�2�/
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�k�y�y�9�- �B�M�p�Q�H�p�B�M�; �b�Q�K�2 �9�y �`�2�b�2���`�+�? �H���#�Q�`���i�Q�`�B�2�b ���M�/ �p�2�M�@
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�B�M �T���`�i�B�+�m�H���` �6�`���M�+�2�- �:�2�`�K���M�v�- ���m�b�i�`�B���- �A�i���H�v�- �a�T���B�M�-
�i�?�2 �L�2�i�?�2�`�H���M�/�b�- �:�`�2�2�+�2�- �a�r�B�i�x�2�`�H���M�/ ���M�/ �S�Q�H���M�/ ���M�/
�p�2�M�/�Q�`�b �H�B�F�2 �h�?���H�2�b ���H�2�M�B�� �a�T���+�2 �U�b���i�2�H�H�B�i�2 �+�Q�K�K�m�M�B�+���@
�i�B�Q�M�V�- �P�`���M�;�2 ���M�/ �J�2�H�H���M�Q�t �U�� �b�m�#�b�B�/�B���`�v �Q�7 �L�p�B�/�B���V�X
�A�i �B�b ���#�Q�m�i �/�2�T�H�Q�v�B�M�; �� �H���`�;�2 �B�M�i�2�`�Q�T�2�`���#�H�2 �2�t�T�2�`�B�K�2�M�@
�i���H �Z�E�. �M�2�i�r�Q�`�F �Q�M �� �1�m�`�Q�T�2���M �b�+���H�2�- �2�t�T�H�Q�B�i�2�/ �#�v
���T�T�H�B�+���i�B�Q�M�b �B�M �p���`�B�Q�m�b �}�2�H�/�b �U�?�2���H�i�?�+���`�2�- �2�M�2�`�;�v �;�`�B�/�b�-
�i�`���M�b�T�Q�`�i���i�B�Q�M�- �}�M���M�+�2�- �;�Q�p�2�`�M�K�2�M�i�- �2�/�m�+���i�B�Q�M�- ���M�/ �i�?�2
�H�B�F�2�V�X �h�?�2 �+�Q�M�b�Q�`�i�B�m�K ���H�b�Q �B�M�i�2�M�/�b �i�Q �B�M�~�m�2�M�+�2 �Z�E�.
�b�i���M�/���`�/�B�x���i�B�Q�M�X ���M�/ ���b �7���` ���b �T�Q�b�b�B�#�H�2�- �B�i �B�b ���H�b�Q ���#�Q�m�i
�+�Q�M�i�`�B�#�m�i�B�M�; �i�Q �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �� �1�m�`�Q�T�2���M �B�M�/�m�b�i�`�v
�Q�z�2�`�B�M�; �B�M �Z�E�. ���M�/ ���b�b�Q�+�B���i�2�/ �i�2�+�?�M�Q�H�Q�;�B�2�b�X �h�?�2�`�2 �B�b
�}�M���H�H�v �� �/�2�T�H�Q�v�K�2�M�i �Q�7 �Z�E�. ���+�`�Q�b�b �A�i���H�v�- �a�H�Q�p�2�M�B�� ���M�/
�*�`�Q���i�B�� �(�j�e�j�)�X

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

�� �k�y�k�e ���m�b�i�`�B���M �b�i�m�/�v ���/�/�`�2�b�b�2�/ �i�?�2 �T�H���M�M�B�M�; ���M�/ �b�B�x�@
�B�M�; �Q�7 �M���i�B�Q�M���H �i�2�`�`�2�b�i�`�B���H �Z�E�. �M�2�i�r�Q�`�F�b�- �Q�T�i�B�K�B�x�B�M�;
�i�?�2 �M�m�K�#�2�` ���M�/ �i�?�2 �T�H���+�2�K�2�M�i �Q�7 �i�`�m�b�i�2�/ �M�Q�/�2�b �;�B�p�2�M
�i�?�2 �3�y �F�K �b�T���M �+�Q�M�b�i�`���B�M�i �Q�7 �/�2�T�H�Q�v�2�/ �}�#�2�`�b ���M�/ �i�?�2
�`�2�b�m�H�i�B�M�; �2�M�/�@�i�Q�@�2�M�/ �F�2�v �`���i�2�b �(�j�e�e�)�X

�G���i�p�B���ö�b �b�i���i�2 �Q�T�2�`���i�Q�` �G�o�_�h�* ���H�b�Q ���M�M�Q�m�M�+�2�/ �B�M �k�y�k�8
�i�?�2 �+�`�2���i�B�Q�M �Q�7 �i�?�2 �}�`�b�i �[�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b �#���+�F�@
�#�Q�M�2 �Q�7 �i�?�2 �"���H�i�B�+ �`�2�;�B�Q�M �(�j�e�d�)�X

�l�a�� �ö�b �}�`�b�i �2�t�T�2�`�B�K�2�M�i�b �r�2�`�2 �+�Q�M�/�m�+�i�2�/ �B�M �"�Q�b�i�Q�M �#�v
�.���_�S�� �#�2�i�r�2�2�M �k�y�y�9 ���M�/ �k�y�y�d�X �� �Z�E�. �M�2�i�r�Q�`�F �T�B�@
�H�Q�i�2�/ �#�v�"���i�i�2�H�H�2�r���b �i�2�b�i�2�/ �B�M �P�?�B�Q �B�M �k�y�R�j �(�j�e�3�)�X �h�2�b�i�b
�r�2�`�2 ���H�b�Q �+�Q�M�/�m�+�i�2�/ �B�M �k�y�R�8 ���i�J�A�h�- �H�B�M�F�B�M�; �i�r�Q �b�B�i�2�b
�9�j �F�K ���T���`�i�X �A�i �#�2�+���K�2 �i�?�2 �"�Q�b�i�Q�M�@���`�2�� �Z�m���M�i�m�K �L�2�i�@
�r�Q�`�F �U�"���_�Z�L�1�h�V �H�B�M�F�B�M�; �i�?�2 �J�A�h �G�B�M�+�Q�H�M �G���#�Q�`���i�Q�`�v�-
�J�A�h�- ���M�/ �>���`�p���`�/ �l�M�B�p�2�`�b�B�i�v �(�j�e�N�- �j�d�y�)�X �� �+�Q�K�K�2�`�@
�+�B���H �/�2�T�H�Q�v�K�2�M�i �Q�7 �Z�E�. �Q�M ���M �m�M�m�b�2�/ �3�y�y �F�K �}�#�2�`
�Q�T�i�B�+ �M�2�i�r�Q�`�F �+�Q�M�M�2�+�i�B�M�; �"�Q�b�i�Q�M �i�Q �q���b�?�B�M�;�i�Q�M �.�* �B�b
���H�b�Q �#�2�B�M�; �/�2�T�H�Q�v�2�/ �#�v�Z�m���M�i�m�K �s�+�?���M�;�2���M�/�w���v�Q�-
�i�Q �+�Q�M�M�2�+�i �q���H�H �a�i�`�2�2�i �}�M���M�+�2 �#�m�b�B�M�2�b�b�2�b �r�B�i�? �i�?�2�B�`
�#���+�F�@�Q�{�+�2�b �B�M �L�2�r �C�2�`�b�2�v�X �A�i �m�b�2�b �b�Q�K�2 �i�`�m�b�i�2�/ �M�Q�/�2
�i�2�+�?�M�Q�H�Q�;�v �(�j�d�R�)�X ���M �3�8 �F�K �7���+�B�H�B�i�v �r���b ���H�b�Q �/�2�T�H�Q�v�2�/ �B�M
�*�?�B�+���;�Q �B�M �k�y�R�N �(�j�d�k�)�X �A�M �C�m�H�v �k�y�k�y�- �i�?�2 �.�2�T���`�i�K�2�M�i �Q�7
�1�M�2�`�;�v ���M�M�Q�m�M�+�2�/ �i�?�2 �2�t�T���M�b�B�Q�M �Q�7 �i�?�2 �Z�E�. �M�2�i�r�Q�`�F
�i�Q �H�B�M�F ���H�H �B�i�b �`�2�b�2���`�+�? �H���#�Q�`���i�Q�`�v �b�B�i�2�b �(�j�d�j�)�X �A�M �k�y�k�k�- �B�i
�+�Q�M�M�2�+�i�2�/ �i�?�2 �.�Q�1 ���`�;�Q�M�M�2 ���M�/ �6�2�`�K�B �H���#�b ���M�/ �2�M���#�H�2�/
�7���b�i �M�2�i�r�Q�`�F �b�v�M�+�?�`�Q�M�B�x���i�B�Q�M �Q�7 �[�m���M�i�m�K ���M�/ �+�H���b�b�B�+���H
�b�B�;�M���H�b �+�Q�2�t�B�b�i�B�M�; �Q�M �i�?�2 �b���K�2 �Q�T�i�B�+���H �}�#�2�` �Q�p�2�` �8�N �F�K
�(�j�d�9�)�X ���`�;�Q�M�M�2 �H���# �/�2�p�2�H�Q�T�b �i�?�2 �A�M�i�2�`�Z�M�2�i ���`�+�?�B�i�2�+�i�m�`�2
�i�Q ���/�p���M�+�2 �b�+���H���#�H�2 �[�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b �(�j�d�8�)�X �A�M
�k�y�k�j�-�a�i�Q�M�v �"�`�Q�Q�F �l�M�B�p�2�`�b�B�i�v�r���b ���r���`�/�2�/ �� �0�e�X�8�J
�;�`���M�i �7�`�Q�K �i�?�2 �G�Q�M�; �A�b�H���M�/ �A�M�p�2�b�i�K�2�M�i �6�m�M�/ �i�Q �#�m�B�H�/ ��
�Z�m���M�i�m�K �A�M�i�2�`�M�2�i �h�2�b�i �"�2�/�X

�a�B�K�B�H���` �2�z�Q�`�i�b ���`�2 �+�Q�M�/�m�+�i�2�/ �r�B�i�? �l�J���b�b �U�J���b�@
�b���+�?�m�b�2�i�i�b�V ���b �T���`�i �Q�7 �i�?�2 �*�2�M�i�2�` �7�Q�` �Z�m���M�i�m�K �L�2�i�r�Q�`�F�b�-
�� �0�k�e�J�- �}�p�2�@�v�2���`�- �2�z�Q�`�i �H�2�/ �#�v �i�?�2 �l�M�B�p�2�`�b�B�i�v �Q�7 ���`�B�x�Q�M���-
�Q�M�2 �Q�7 �i�?�2 �L�a�6 �Z�m���M�i�m�K �1�M�;�B�M�2�2�`�B�M�; �_�2�b�2���`�+�? �*�2�M�i�2�`�b
�(�j�d�e�)�X �h�?�2 �l�M�B�p�2�`�b�B�i�v �Q�7 �_�Q�+�?�2�b�i�2�` ���M�/ �_�Q�+�?�2�b�i�2�` �A�M�b�i�B�@
�i�m�i�2 �Q�7 �h�2�+�?�M�Q�H�Q�;�v �#�m�B�H�i �B�M �k�y�k�8 ���M �2�t�T�2�`�B�K�2�M�i���H �Z�E�.
�M�2�i�r�Q�`�F�- �_�Q�Z�L�1�h�- �+�Q�M�M�2�+�i�B�M�; �i�?�2�B�` �+���K�T�m�b�2�b �Q�p�2�` �R�R
�K�B�H�2�b �Q�7 �Q�T�i�B�+���H �}�#�2�` �(�j�d�d�)�X ���i �H���b�i�- �i�?�2 �l�M�B�p�2�`�b�B�i�v �Q�7
�*�?�B�+���;�Q ���M�/ �*���H�i�2�+�? ���`�2 �T�`�Q�T�Q�b�B�M�; �� �M���i�B�Q�M�r�B�/�2 �Z�E�.
�/�2�T�H�Q�v�K�2�M�i �m�b�B�M�; �p���+�m�m�K �#�2���K �;�m�B�/�2�b �m�b�B�M�; ���`�`���v�b �Q�7
�H�2�M�b�2�b �i�?���i ���p�Q�B�/�b �i�?�2 �M�2�2�/ �7�Q�` �[�m���M�i�m�K �`�2�T�2���i�2�`�b �(�j�d�3�)�X
�A�M ���m�;�m�b�i �k�y�k�e�- �Z�m���M�i�m�K �*�Q�`�`�B�/�Q�`�- �*�B�2�M�� ���M�/ �h�Q�b�?�B�#��
�i�2�b�i�2�/ �� �R�X�e �h�#�f�b �[�m���M�i�m�K�@�b���7�2 �2�M�+�`�v�T�i�2�/ �i�`���M�b�K�B�b�b�B�Q�M
�Q�M �� �H�B�p�2 �Q�T�i�B�+���H �M�2�i�r�Q�`�F�- �+�Q�K�#�B�M�B�M�; �h�Q�b�?�B�#�� �Z�E�. �b�v�b�@
�i�2�K�b �r�B�i�? �*�B�2�M�� �Q�T�i�B�+���H �i�`���M�b�T�Q�`�i �2�M�+�`�v�T�i�B�Q�M �(�j�d�N�)�X ���b
���H�r���v�b �r�B�i�? �i�?�2�b�2 ���M�M�Q�m�M�+�2�K�2�M�i�b�- �i�?�2 �[�m���M�i�m�K �T���`�i
�B�b �Q�M�H�v �i�?�2 �F�2�v �/�2�H�B�p�2�`�v�- �i�?�2 �2�M�+�`�v�T�i�2�/ �/���i�� �`�2�K���B�M�B�M�;
�+�H���b�b�B�+���H ���M�/ �b�v�K�K�2�i�`�B�+�- ���M�/ �i�?�2 �?�2���/�H�B�M�2 �h�#�f�b �}�;�m�`�2
�B�b �i�?�2 �+�H���b�b�B�+���H �/���i�� �`���i�2�- �M�Q�i �i�?�2 �F�2�v �`���i�2�X

�A�M �i�?�2 ���K�#�B�i�B�Q�m�b�.���_�S�� �Z�m���L�1�h �U�Z�m���M�i�m�K ���m�;�@
�K�2�M�i�2�/ �L�2�i�r�Q�`�F�V �T�`�Q�D�2�+�i �i�?���i �r���b �H���m�M�+�?�2�/ �r�B�i�? �� �_�6�S
�B�M �C�m�M�2 �k�y�k�j �(�j�3�y�)�- �� �8�R�@�K�Q�M�i�? �T�`�Q�D�2�+�i�- �.���_�S�� �B�b ���b�F�B�M�;
�#�B�/�/�2�`�b �i�Q �T�`�Q�T�Q�b�2 ���`�+�?�B�i�2�+�i�m�`�2 ���M�/ �i�2�+�?�M�Q�H�Q�;�v �b�Q�H�m�i�B�Q�M�b
�i�Q �K�2�`�;�2 �2�M�i���M�;�H�2�K�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M ���M�/ �`�2�;�m�H���` �}�#�2�`
�Q�T�i�B�+�b �H�B�M�2�b �7�Q�` �p���`�B�Q�m�b ���T�T�H�B�+���i�B�Q�M�b �B�M�p�Q�H�p�B�M�; �[�m���M�i�m�K
�b�2�M�b�Q�`�b ���M�/ �[�m���M�i�m�K �+�Q�K�T�m�i�2�`�b�X �h�?�2 �+�Q�M�b�i�`���B�M�i�b ���`�2

�Z�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���M�/ �+�`�v�T�i�Q�;�`���T�?�v �Z�m���M�i�m�K �E�2�v �.�B�b�i�`�B�#�m�i�B�Q�M �� �9�3



Vienna
2008
SECOQC, 5 nodes, 20/25 km

Geneva 
1993, 1995, 2007, 2018 (400 km)

Cambridge – London 
- Bristol2018

Nice/Sophia
2020
3 sites

Canaries
2007/2010

144 km free to air

Italian Quantum Backbone (IQB) 1,850
km QKD link connects Turin, Milan, 
Bologna, …, a 150 km ��ber reaches
Modane in France, and connects to
Grenoble, Lyon and Paris, then Europe + 
Padua satellite/ground QKD experiment

Germany
QKD project, 165M€

2019-*

Ile de France 
2020-*

OpenQKD project

Tchekia
OpenQKD

project
2019

Athens
2019
OpenQKD project DataCom

Netherlands
Del�� , Leiden, 

Amsterdam, The 
Hague OpenQKD 

project 2019

Madrid
2018

Telefonica & Huawei

Barcelona 
2020

Poznan
2021

Denmark
Dantze Bank

DTU
2022

Ireland 
2022

�6�B�;�m�`�2 �9�j�, �J���T �Q�7 �Z�E�. �i�2�b�i �/�2�T�H�Q�v�K�2�M�i�b �i�?�`�Q�m�;�?�Q�m�i �1�m�`�Q�T�2�X� �P�H�B�p�B�2�` �1�x�`���i�i�v�- �k�y�k�k�@�k�y�k�j�X

�i�?���i �M�Q �Z�E�. �b�?�Q�m�H�/ �#�2 �T�`�Q�T�Q�b�2�/ �M�Q�` ���M�v �`�2�T�2���i�2�`�b�X
�h�?�2�v �r���M�i �[�L�A�* �U�[�m���M�i�m�K �M�2�i�r�Q�`�F �+���`�/�b�V ���#�H�2 �i�Q �?���M�@
�/�H�2 �#�Q�i�? �+�H���b�b�B�+���H ���M�/ �[�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b�X �A�i
�H�Q�Q�F�b �H�B�F�2 �#�2�B�M�; �� �p�2�`�v �H�Q�r �h�_�G �T�`�Q�D�2�+�i�X

�*���M���/�� �H���m�M�+�?�2�/ �B�M �L�Q�p�2�K�#�2�` �k�y�k�y �B�i�b �*���M���/�� �Z�m���M�@
�i�m�K �L�2�i�r�Q�`�F �i�?�`�Q�m�;�? �� �T���`�i�M�2�`�b�?�B�T �#�2�i�r�2�2�M �s���M���/�m�-
�i�?�2 �*�`�2���i�B�p�2 �.�2�b�i�`�m�+�i�B�Q�M �G���# ���M�/ �i�?�2 �b�i���`�i�m�T�b �b�2�`�@
�p�B�+�2 �+�Q�K�T���M�v �J���_�a ���`�Q�m�M�/ �h�Q�`�Q�M�i�Q�X ���M�Q�i�?�2�` �b�B�K�B�H���`
�i�2�b�i�#�2�/ �T�`�Q�D�2�+�i �r���b �H���m�M�+�?�2�/ �B�M �Z�m�2�#�2�+ �B�M �P�+�i�Q�#�2�` �k�y�k�j�-
���`�Q�m�M�/ �a�?�2�`�#�`�Q�Q�F�2�X

�A�M�/�B���ö�b �.�2�7�2�M�+�2 �_�2�b�2���`�+�? ���M�/ �.�2�p�2�H�Q�T�K�2�M�i �P�`�;���M�B�b���@
�i�B�Q�M �U�.�_�.�P�V �r�B�i�? �A�A�h �.�2�H�?�B �/�2�K�Q�M�b�i�`���i�2�/ �� �Z�E�. �7�Q�`
�� �/�B�b�i���M�+�2 �Q�7 �R�y�y �F�K �B�M �k�y�k�k�X �h�?�2 �+�Q�m�M�i�`�v �H���m�M�+�?�2�/
�B�i�b �}�`�b�i �Q�T�2�`���i�B�Q�M���H �Z�E�. �M�2�i�r�Q�`�F �B�M �k�y�k�j �#�2�i�r�2�2�M �i�r�Q
�b�B�i�2�b �B�M �.�2�H�?�B�X

�A�M�C���T���M�- �h�Q�b�?�B�#�� ���M�M�Q�m�M�+�2�/ �B�M �a�2�T�i�2�K�#�2�` �k�y�R�3 �i�?���i
�� �Z�E�. �b�Q�H�m�i�B�Q�M �+�Q�@�/�2�p�2�H�Q�T�2�/ �r�B�i�? �i�?�2 �h�Q�?�Q�F�m �J�2�/�B�+���H
�J�2�;���#���M�F �P�`�;���M�B�x���i�B�Q�M �U�h�Q�J�J�Q�V ���i �h�Q�?�Q�F�m �l�M�B�p�2�`�b�B�i�v
�?���/ ���+�?�B�2�p�2�/ �� �Z�E�. �i�?�`�Q�m�;�?�T�m�i �Q�7 �K�Q�`�2 �i�?���M �R�y �J�#�T�b
�/�m�`�B�M�; �Q�M�2 �K�Q�M�i�?�X

�a�Q�m�i�? �E�Q�`�2���/�2�T�H�Q�v�2�/ �� �Z�E�. �M�2�i�r�Q�`�F �r�B�i�? �a�E �h�2�H�2�@
�+�Q�K ���M�/ �A�.�Z �i�?���i �+�Q�M�M�2�+�i�b �9�3 �;�Q�p�2�`�M�K�2�M�i �b�B�i�2�b �Q�p�2�`
�� �b�B�M�;�H�2 �3�y�y �F�K �M�2�i�r�Q�`�F�X �A�i �r���b �+�2�`�i�B�}�2�/ �#�v �i�?�2 �a�Q�m�i�?
�E�Q�`�2���M �L���i�B�Q�M���H �A�M�i�2�H�H�B�;�2�M�+�2 �a�2�`�p�B�+�2 �U�L�A�a�V �B�M �6�2�#�`�m���`�v
�k�y�k�8�X

�a�B�M�;���T�Q�`�2�ö�b �Z�m���M�i�m�K �1�M�;�B�M�2�2�`�B�M�; �S�`�Q�;�`���K �U�Z�1�S�-
�k�y�R�3�V �7�`�Q�K �i�?�2 �L���i�B�Q�M���H �l�M�B�p�2�`�b�B�i�v �Q�7 �a�B�M�;���T�Q�`�2 �U�L�l�a�V
�H���m�M�+�?�2�/ �i�?�2 �L���i�B�Q�M���H �Z�m���M�i�m�K�@�a���7�2 �L�2�i�r�Q�`�F �U�L�Z�a�L�V
�r�?�B�+�? �B�b �b�i���`�i�B�M�; �+�H���b�b�B�+���H ���M�/ �[�m���M�i�m�K �M�2�i�r�Q�`�F �i�`�B�@
���H�b �b�m�T�T�Q�`�i�B�M�; �#�Q�i�? �Z�E�. ���M�/ �S�Z�*�X �h�?�2�v �T�H���M�M�2�/ �i�Q
�?���p�2 �R�y �}�#�2�` �M�Q�/�2�b�X �h�?�B�b �B�b �/�Q�M�2 �B�M �T���`�i�M�2�`�b�?�B�T �r�B�i�?
���q�a ���M�/ �h�?���H�2�b�X �P�M�2 �Q�7 �i�?�2 �+�?���H�H�2�M�;�2�b �B�M �/�2�T�H�Q�v�B�M�;

�Z�E�. �B�b �i�?�2 �K�B�M�B���i�m�`�B�x���i�B�Q�M �Q�7 �B�i�b �+�Q�K�T�Q�M�2�M�i�b�X �q�?�2�`�2���b
�B�M�B�i�B���H�H�v �� �+�Q�K�T�H�2�i�2 �`���+�F �Q�7 �?���`�/�r���`�2 �r���b �M�2�2�/�2�/ �7�Q�`
�[�m���M�i�m�K �F�2�v �i�`���M�b�K�B�i�i�B�M�;�f�`�2�+�2�B�p�B�M�; �b�i���i�B�Q�M�b�- �i�?�2 �;�Q���H
�B�b �i�Q �}�i �2�p�2�`�v�i�?�B�M�; �B�M �� �T�?�Q�i�Q�M�B�+�b �+�Q�K�T�Q�M�2�M�i �� �7�2�r
�K�K �H�Q�M�;�X �h�?�B�b �B�b �r�?���i�L�h�l �`�2�b�2���`�+�?�2�`�b �B�M �a�B�M�;���T�Q�`�2
�/�B�/ �B�M �k�y�R�N �i�Q �K���M���;�2 �� �*�o�@�Z�E�. �b�m�T�T�Q�`�i�B�M�; �2�t�B�b�i�B�M�;
�i�2�H�2�+�Q�K �Q�T�2�`���i�Q�`�b�ö �}�#�2�` �B�M�7�`���b�i�`�m�+�i�m�`�2�b �(�j�3�R�)�X �"�m�i �i�?�B�b
�K�B�M�B���i�m�`�B�x���i�B�Q�M �/�2���H�b �?�2�`�2 �Q�M�H�v �r�B�i�? �i�?�2 �T�?�Q�i�Q�M�B�+�b �T���`�i
�U�6�B�;�m�`�2�9�9�V�X �h�?�2�b�2 �T�?�Q�i�Q�M�B�+ �+�B�`�+�m�B�i�b �K�m�b�i �#�2 �+�Q�K�T�H�2�i�2�/
�#�v �+�H���b�b�B�+���H �2�H�2�+�i�`�Q�M�B�+ �+�Q�K�T�Q�M�2�M�i�b�X

�h�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �b�m�+�? �B�M�i�2�;�`���i�2�/ �T�?�Q�i�Q�M�B�+�b �+�Q�K�T�Q�@
�M�2�M�i�b �r�B�H�H ���H�b�Q �#�2 �b�m�T�T�Q�`�i�2�/ �B�M �i�?�2 �7�`���K�2�r�Q�`�F �Q�7 �1�m�`�Q�@
�T�2���M �>�Q�`�B�x�Q�M �1�m�`�Q�T�2 �T�`�Q�D�2�+�i�b �i�?���i �7�Q�H�H�Q�r �1�m�`�Q�T�2 �k�y�k�y
�T�`�Q�D�2�+�i�b �Q�p�2�` �i�?�2 �k�y�k�R�@�k�y�k�d �T�2�`�B�Q�/�X �� �T�Q�B�M�i�@�i�Q�@�T�Q�B�M�i �j
�F�K �Z�E�. �i�2�b�i�#�2�/ �r���b �/�2�T�H�Q�v�2�/ �B�M �k�y�k�j �r�B�i�? �i�?�2 �?�2�H�T
�Q�7 ���q�a�- �>�Q�`�B�x�Q�M �Z�m���M�i�m�K �*�Q�K�T�m�i�B�M�; ���M�/ �6�Q�`�i�B�M�2�i�-
�r�B�i�? �� �o�S�L �i�m�M�M�2�H �m�b�B�M�; �#�Q�i�? �� �Z�E�. ���M�/ ���q�a �1�/�;�2
�*�Q�K�T�m�i�2 �?���`�/�r���`�2 �(�j�3�k�)�X �� �H���`�;�2�` �9�e �F�K �Z�E�. �M�2�i�r�Q�`�F
�M���K�2�/ �Z�@�*���L �r���b �H���m�M�+�?�2�/ �#�v �C�S�J�Q�`�;���M�*�?���b�2 �B�M
�k�y�k�9�- �r�B�i�? �R�y�y �:�#�T�b �M�2�i�r�Q�`�F �b�2�+�m�`�2�/ �r�B�i�? �A�.�Z �Z�E�.
�(�j�3�j�)�X

�h�?�2 �H�Q�+���H �Q�T�2�`���i�Q�` �a�B�M�;�i�2�H �B�b ���H�b�Q �#�m�B�H�/�B�M�; �� �+�Q�m�M�i�`�v�@
�r�B�/�2 �Z�E�.�@�#���b�2�/ �M�2�i�r�Q�`�F �(�j�3�9�) ���b �T���`�i �Q�7 �i�?�2 �L���i�B�Q�M���H
�Z�m���M�i�m�K�@�a���7�2 �L�2�i�r�Q�`�F �S�H�m�b �U�L�Z�a�L�Y�V �T�`�Q�D�2�+�i�X ���K�Q�M�;
�Q�i�?�2�`�b�- �i�?�2�v �T���`�i�M�2�` �r�B�i�? �A�.�Z ���M�/ �*�B�b�+�Q�X

�a�Q�m�i�? �E�Q�`�2���?���b ���M �Q�M�;�Q�B�M�; �T�`�Q�D�2�+�i �r�B�i�? �3�y�y �F�K �Q�7
�Z�E�. �B�K�T�H�2�K�2�M�i�B�M�; ���M�v�@�i�Q�@���M�v �+�Q�M�M�2�+�i�B�Q�M�b�- ���H�b�Q �r�B�i�?
�i�?�2 �?�2�H�T �Q�7 �A�.�Z�X �A�M �k�y�k�9�- �a�E �h�2�H�2�+�Q�K �H���m�M�+�?�2�/ �i�?�2 �s
�Z�m���M�i�m�K ���H�H�B���M�+�2 �i�Q �/�2�p�2�H�Q�T �� �[�m���M�i�m�K �b�2�+�m�`�2�/ �+�Q�K�K�m�@
�M�B�+���i�B�Q�M�b �M�2�i�r�Q�`�F �7�Q�` �a�Q�m�i�? �E�Q�`�2���X �A�i �r���b ���#�Q�m�i �#�m�B�H�/�@
�B�M�; �� �Z�@�>�a�J �+�`�v�T�i�Q�;�`���T�?�v �+�?�B�T �+�Q�M�i���B�M�B�M�; �� �Z�_�L�:
�+�Q�m�T�H�2�/ �i�Q �S�Z�*�X �A�i �b�2�2�K�b �i�Q �m�b�2 �� �Z�_�L�: �+�?�B�T �7�`�Q�K �A�.

�Z�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���M�/ �+�`�v�T�i�Q�;�`���T�?�v �Z�m���M�i�m�K �E�2�v �.�B�b�i�`�B�#�m�i�B�Q�M �� �9�N



�Z�m���M�i�B�[�m�2 �(�j�3�8�)�- �B�i�b�2�H�7 �m�b�B�M�; �� �a�B�M�;�H�2 �S�?�Q�i�Q�M ���p���H���M�+�?�2
�.�B�Q�/�2 �U�a�S���.�V �7�`�Q�K �q�Q�Q�`�B�`�Q �U�a�Q�m�i�? �E�Q�`�2���V ���M�/ ���M
�2�M�+�`�v�T�i�B�Q�M �K�Q�/�m�H�2 �7�`�Q�K �E�*�a �U�a�Q�m�i�? �E�Q�`�2���V�X �s �Z�m���M�@
�i�m�K �H���m�M�+�?�2�/ �Z�@�>�a�J �+�Q�K�K�2�`�+�B���H�H�v �B�M �k�y�k�9�- �+�Q�K�#�B�M�B�M�;
�Z�_�L�: ���M�/ �S�Z�* �i�2�+�?�M�Q�H�Q�;�B�2�b�X �a�E �h�2�H�2�+�Q�K �?���b �b�B�M�+�2
�i�?�2�M �2�t�i�2�M�/�2�/ �B�i�b �[�m���M�i�m�K�@�b�2�+�m�`�B�i�v �r�Q�`�F �i�Q�r���`�/ �S�A�*�@
�#���b�2�/�- �r�B�`�2�H�2�b�b ���M�/ �b���i�2�H�H�B�i�2 �Z�E�.�X

�"�`���x�B�H�Q�T�2�`���i�2�b �i�?�2 �>�2�`�K�2�b �[�m���M�i�m�K �M�2�i�r�Q�`�F �`�m�M �#�v
�i�?�2 �J�B�H�B�i���`�v �A�M�b�i�B�i�m�i�2 �Q�7 �1�M�;�B�M�2�2�`�B�M�; �U�A�J�1�V �B�M �_�B�Q �/�2
�C���M�2�B�`�Q�X �� �k�y�k�e �b�i�m�/�v �+�?���`���+�i�2�`�B�x�2�/ ���M �A�. �Z�m���M�i�B�[�m�2
�*�H���p�B�b �s�:�_ �Q�p�2�` �H�Q�M�; �+�Q�M�i�B�M�m�Q�m�b �T�2�`�B�Q�/�b �Q�M �� �9�y�X�j �F�K
�B�M�/�Q�Q�` �b�T�Q�Q�H�2�/ �}�#�2�` ���M�/ �Q�M �� �j�X�8 �F�K �/�2�T�H�Q�v�2�/ �m�M�/�2�`�@
�;�`�Q�m�M�/ �}�#�2�` �#�2�i�r�2�2�M �A�J�1 ���M�/ �i�?�2 �*�"�S�6 �T�?�v�b�B�+�b �`�2�@
�b�2���`�+�? �+�2�M�i�2�`�- �F�2�2�T�B�M�; ���M �B�M�i�2�`�7�2�`�Q�K�2�i�`�B�+ �p�B�b�B�#�B�H�B�i�v ���#�Q�p�2
�N�d�W ���M�/ �� �Z�"�1�_ �#�2�H�Q�r �R�W �Q�M ���p�2�`���;�2�- �#�m�i �b�?�Q�r�B�M�;
�i�?���i �i�?�2 �/�Q�K�B�M���M�i �B�M�b�i���#�B�H�B�i�v �+�Q�K�2�b �7�`�Q�K �i�?�2 �B�M�i�2�`�M���H
�/�2�p�B�+�2 �i�2�K�T�2�`���i�m�`�2 �m�M�/�2�` �m�M�`�2�;�m�H���i�2�/ �i�`�Q�T�B�+���H ���K�#�B�2�M�i
�+�Q�M�/�B�i�B�Q�M�b �`���i�?�2�` �i�?���M �7�`�Q�K �i�?�2 �}�#�2�` �B�i�b�2�H�7 �(�j�3�e�)�X

�*�?�B�M���b�i���M�/�b �Q�m�i �b�B�M�+�2 �k�y�R�e �r�B�i�? �B�K�T�`�2�b�b�B�p�2 �Z�E�. �2�t�@
�T�2�`�B�K�2�M�i�b ���M�/ �H���`�;�2 �b�+���H�2 �/�2�T�H�Q�v�K�2�M�i�b�X �h�?�2 �+�Q�m�M�i�`�v �B�M�@
�p�2�b�i�b �?�2���p�B�H�v �B�M �Z�E�. �r�B�i�? �� �M�Q�r �+�H���b�b�B�+���H �K�m�H�i�B�@�T�`�Q�M�;�2�/
�b�i�`���i�2�;�v�, �i�Q �T�`�Q�i�2�+�i �B�i�b �b�2�M�b�B�i�B�p�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���;���B�M�b�i
���M�v ���i�i���+�F�2�` ���M�/ �i�Q �/�2�p�2�H�Q�T ���M �B�M�/�m�b�i�`�v �B�M �� �T�`�Q�K�B�b�B�M�;
�2�K�2�`�;�B�M�; �i�2�+�?�M�Q�H�Q�;�v �}�2�H�/�X �� �}�`�b�i �/�2�T�H�Q�v�K�2�M�i �r���b �+���`�@
�`�B�2�/ �Q�m�i �B�M �k�y�R�k �B�M �i�?�2 �>�2�7�2�B ���`�2�� �i�Q �H�B�M�F �p���`�B�Q�m�b �*�?�B�M�2�b�2
�;�Q�p�2�`�M�K�2�M�i �2�M�i�B�i�B�2�b �(�j�3�d�)�X �A�i �r���b �i�?�2�M �2�t�T���M�/�2�/ �r�B�i�? ���M
�B�M�b�i���H�H���i�B�Q�M �Q�7 �� �Z�E�.�@�b�2�+�m�`�2�/ �}�#�2�` �Q�T�i�B�+ �H�B�M�F �#�2�i�r�2�2�M
�a�?���M�;�?���B ���M�/ �"�2�B�D�B�M�;�- �+�Q�p�2�`�B�M�; �k�-�y�y�y �F�K�X

�h�?�2 �H�B�M�2 �B�M�b�i���H�H�2�/ �#�2�i�r�2�2�M �k�y�R�j ���M�/ �k�y�R�e �r���b �/�2�T�H�Q�v�2�/
�#�v �� �H�Q�+���H �b�i���`�i�m�T�-�Z�m���M�i�m�K�*�h�2�F�X �h�?�2 �M�2�i�r�Q�`�F �`�2�H�B�2�b
�Q�M �j�k �i�`���M�b�T�Q�M�/�2�`�b �r�B�i�? �b�2�+�m�`�2�/ �T�?�v�b�B�+���H ���+�+�2�b�b �(�j�3�3�)�X
�A�M�/�2�2�/�- �i�?�2 �b�B�;�M���H ���i�i�2�M�m���i�B�Q�M �r���b �i�?�2�M �i�Q�Q �b�i�`�Q�M�; �#�2�@
�v�Q�M�/ ���#�Q�m�i �8�y �F�K �Q�M �Q�M�2 �Q�T�i�B�+���H �}�#�2�`�X

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

�h�?�2 �+�Q�m�M�i�`�v ���H�b�Q �T�H���M�b �i�Q �T�`�Q�i�2�+�i �B�i�b �2�M�2�`�;�v �;�`�B�/ �B�M�7�`���b�@
�i�`�m�+�i�m�`�2 �r�B�i�? �i�?�B�b �M�2�i�r�Q�`�F �(�j�3�N�)�X

�*�?�B�M�� ���M�M�Q�m�M�+�2�/ �b�2�p�2�`���H �b�m�+�+�2�b�b�B�p�2 �M���i�B�Q�M���H�@�b�+���H�2
�[�m���M�i�m�K�@�b�2�+�m�`�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �T�H���M�b ���7�i�2�` �+�Q�K�T�H�2�i�B�Q�M
�Q�7 �i�?�2 �"�2�B�D�B�M�;�@�a�?���M�;�?���B �#���+�F�#�Q�M�2�X �h�?�2 �M�2�r�2�` �*�?�B�M��
�Z�m���M�i�m�K �*�Q�K�K�m�M�B�+���i�B�Q�M �L�2�i�r�Q�`�F �U�*�L�@�Z�*�L�V �B�b ��
�i�`�m�b�i�2�/�@�`�2�H���v �#���+�F�#�Q�M�2 �B�M�i�2�;�`���i�2�/ �r�B�i�? �K�2�i�`�Q�T�Q�H�B�i���M
�M�2�i�r�Q�`�F�b ���M�/ �b���i�2�H�H�B�i�2 �;�`�Q�m�M�/ �b�i���i�B�Q�M�b �(�k�3�k�)�X �1���`�H�B�2�`
�K�2�i�`�Q�T�Q�H�B�i���M �/�2�T�H�Q�v�K�2�M�i�b �B�M�+�H�m�/�2 �i�?�2 �>�2�7�2�B �M�2�i�r�Q�`�F
�/�2�b�+�`�B�#�2�/ �B�M �(�j�N�y�)�X

���b �`�2�T�Q�`�i�2�/ �B�M �k�y�k�8�- �i�?�2 �M�2�r �*�L�@�Z�*�L �#���+�F�#�Q�M�2 �+�Q�M�@
�i���B�M�b ���T�T�`�Q�t�B�K���i�2�H�v �R�y�-�R�y�j �F�K �Q�7 �}�#�2�`�- �R�9�8 �}�#�2�` �#���+�F�@
�#�Q�M�2 �M�Q�/�2�b�- �k�y �K�2�i�`�Q�T�Q�H�B�i���M �M�2�i�r�Q�`�F�b ���M�/ �e �b���i�2�H�H�B�i�2
�;�`�Q�m�M�/�@�b�i���i�B�Q�M �#���+�F�#�Q�M�2 �M�Q�/�2�b �H�B�M�F�2�/ �r�B�i�? �i�?�2 �C�B�M���M�@�R
�K�B�+�`�Q�b���i�2�H�H�B�i�2�- �+�Q�p�2�`�B�M�; �R�d �T�`�Q�p�B�M�+�2�b ���M�/ �3�y �+�B�i�B�2�b �(�k�3�k�)�X
�*�L�@�Z�*�L �B�b �B�M�i�2�`�+�Q�M�M�2�+�i�2�/ �r�B�i�? �i�?�2 �2���`�H�B�2�` �"�2�B�D�B�M�;�@
�a�?���M�;�?���B �"���+�F�#�Q�M�2 �L�2�i�r�Q�`�F�- ���M�/ �i�?�2 �+�Q�K�#�B�M�2�/ �}�#�2�`
�K�B�H�2���;�2 �2�t�+�2�2�/�b �R�k�-�y�y�y �F�K�X �h�?�2 �/�2�T�H�Q�v�2�/ �M�2�i�r�Q�`�F �K�B�t�2�b
�b�2�p�2�`���H �Z�E�. �2�[�m�B�T�K�2�M�i �i�v�T�2�b ���M�/ �`�2�K���B�M�b �#���b�2�/ �Q�M
�i�`�m�b�i�2�/ �`�2�H���v�b�X

�A�M �a�2�T�i�2�K�#�2�` �k�y�k�j�- �� �i�2���K �H�2�/ �#�v �C�B���M�@�q�2�B �S���M �`�2�@
�T�Q�`�i�2�/ �i�?�2 �/�2�T�H�Q�v�K�2�M�i �Q�7 �� �i�?�`�2�2�@�M�Q�/�2 �2�M�i���M�;�H�2�K�2�M�i�@
�#���b�2�/ �Z�E�. �b�2�i�m�T ���i �� �+�B�i�v �b�+���H�2 �B�M �>�2�7�2�B �m�b�B�M�; �[�m���M�i�m�K
�M�Q�/�2�b �r�B�i�? ���i�Q�K�B�+ �[�m���M�i�m�K �K�2�K�Q�`�B�2�b �(�j�N�R�)�X

�6�B�;�m�`�2 �9�9�, �� �Z�E�. �T�?�Q�i�Q�M�B�+ �+�?�B�T �/�2�p�2�H�Q�T�2�/ �B�M �*�?�B�M�� �B�M �k�y�R�N�X
�a�Q�m�`�+�2�, �(�j�N�k�)�X

�*�?�B�M�� �h�2�H�2�+�Q�K���M�M�Q�m�M�+�2�/ �B�M �k�y�k�j ���M �B�M�p�2�b�i�K�2�M�i �Q�7
�0�9�j�3�J �B�M �[�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b �`�2�b�2���`�+�? ���M�/ �/�2�@
�p�2�H�Q�T�K�2�M�i �(�j�N�j�)�X �A�M �L�Q�p�2�K�#�2�` �k�y�k�j�- �*�?�B�M�� �h�2�H�2�+�Q�K
���M�M�Q�m�M�+�2�/ �i�?�2 �B�M�i�`�Q�/�m�+�i�B�Q�M �Q�7 �� �Z�E�. �b�K���`�i�T�?�Q�M�2�- �i�?�2
�>�m���r�2�B �J���i�2 �e�y �S�`�Q�X �A�i �b�2�2�K�b �i�?���i �i�?�2 �Q�M�H�v �B�i�2�K �#�2�B�M�;
�[�m���M�i�m�K �B�M �i�?�2 �b�K���`�i�T�?�Q�M�2 �B�b �� �Z�_�L�: �+�?�B�T�- �+�Q�K�B�M�;
�7�`�Q�K �Z�m���M�i�m�K�*�h�2�F�X �A�i �T�`�Q�#���#�H�v ���H�b�Q �m�b�2�b �b�Q�K�2 �S�Z�*
�2�M�+�`�v�T�i�B�Q�M�- �T�Q�i�2�M�i�B���H�H�v �+�Q�m�T�H�2�/ �i�Q �b�Q�K�2 �i�2�H�2�+�Q�K �Q�T�2�`���@
�i�Q�` �#���+�F�2�M�/ �Z�E�. �(�j�N�9�)�X �A�M �J���`�+�? �k�y�k�9�- �*�?�B�M�� �h�2�H�2�+�Q�K
���M�M�Q�m�M�+�2�/ �i�?�2 ���+�[�m�B�b�B�i�B�Q�M �Q�7 �� �K���D�Q�`�B�i�v �b�i���F�2 �B�M �Z�m���M�@
�i�m�K�*�h�2�F�X ���H�b�Q �B�M �k�y�k�9�- �� �`�2�b�2���`�+�? �i�2���K �T�`�Q�i�Q�i�v�T�2�/ ��
�b�K���H�H �b�+���H�2 �2�t�T�2�`�B�K�2�M�i �Q�7 �Z�E�.�@�T�`�Q�i�2�+�i�2�/ �2�@�+�Q�K�K�2�`�+�2
���`�+�?�B�i�2�+�i�m�`�2�- �r�?�B�+�? �r�B�H�H �M�Q�i �#�2 �2���b�v �i�Q �b�+���H�2 �T�`���+�i�B�+���H�H�v
�(�j�N�8�)�X

�A�M �6�`���M�+�2�- �i�?�2 �+�B�p�B�H �+�v�#�2�`�b�2�+�m�`�B�i�v ���;�2�M�+�v���L�a�a�A�T�m�#�@
�H�B�b�?�2�/ ���M �B�M�7�Q�`�K���i�B�Q�M �M�Q�i�2 �B�M �J���v �k�y�k�y �B�M �r�?�B�+�? �B�i
�2�t�T�`�2�b�b�2�/ �+�2�`�i���B�M �`�2�b�2�`�p�2�b ���#�Q�m�i �i�?�2 �Z�E�. �(�j�N�e�)�X �A�i
�?�B�;�?�H�B�;�?�i�2�/ �i�?�2 �7���+�i �i�?���i �B�i �/�Q�2�b �M�Q�i ���/�/�`�2�b�b �� �+�Q�K�K�Q�M
�T�`�Q�#�H�2�K�- �+���M�M�Q�i �;�m���`���M�i�2�2 �T�2�`�7�2�+�i �B�M�p�B�Q�H���#�B�H�B�i�v�- ���M�/
�`�2�[�m�B�`�2�b �/�2�/�B�+���i�2�/ �Q�T�i�B�+���H �B�M�7�`���b�i�`�m�+�i�m�`�2�b�X �A�M�b�i�2���/�- �B�i
�`�2�+�Q�K�K�2�M�/�b �7�Q�+�m�b�B�M�; �Q�M �S�Z�*�X

�h�?�B�b �7�Q�H�H�Q�r�2�/ �� �K�2�K�Q �Q�7 �2�[�m�B�p���H�2�M�i �+�Q�M�i�2�M�i �7�`�Q�K �i�?�2�B�`
�"�`�B�i�B�b�?�L�*�a�* �+�Q�m�M�i�2�`�T���`�i�b �T�m�#�H�B�b�?�2�/ �B�M ���T�`�B�H �k�y�k�y
�(�j�N�d�- �j�N�3�)�X �� �b�B�K�B�H���` �T�m�#�H�B�+���i�B�Q�M �7�`�Q�K �i�?�2�L�a�� �r���b
�`�2�H�2���b�2�/ �B�M �P�+�i�Q�#�2�` �k�y�k�y �(�j�N�N�)�X �A�i �r���b �`�2�M�2�r�2�/ �B�M �k�y�k�R
���M�/ �k�y�k�k�X ���;���B�M�- �B�M �k�y�k�9�- �� �D�Q�B�M�i �M�Q�i�2 �7�`�Q�K ���L�a�a�A
���M�/ �B�i�b �:�2�`�K���M�- �a�r�2�/�B�b�? ���M�/ �.�m�i�+�? �T�2�2�`�b �b�?�Q�r�+���b�2�/
�i�?�2 �b���K�2 �Q�#�D�2�+�i�B�Q�M�b �(�9�y�y�)�X �a�+�B�2�M�i�B�b�i�b �7�`�Q�K �1�h�> �w�m�`�B�+�?
�T�m�#�H�B�b�?�2�/ �� �/�Q�+�m�K�2�M�i�2�/ �`�2�#�m�i�i���H �i�Q �i�?�2�b�2 �Q�#�D�2�+�i�B�Q�M�b �B�M
�k�y�k�j �(�9�y�R�)�- �7�Q�H�H�Q�r�2�/ �#�v ���M�Q�i�?�2�` �Q�M�2 �7�`�Q�K �h�2�`�`�� �Z�m���M�i�m�K
�(�9�y�k�)�X �h�?�2 �#�m�H�F �Q�7 �i�?�2 ���M�b�r�2�`�b �B�b�, �ó�r�Q�`�F �B�M �T� �̀Q�;� �̀2�b�b�ô�-
�T���`�i�B�+�m�H���`�H�v ���b �Z�E�. �`�2�H���i�2�/ �?���`�/�r���`�2 �B�b �#�2�B�M�; �b�?�`�m�M�F�@
�r�`���T�T�2�/ ���M�/ �+�Q�K�K�Q�/�B�i�B�x�2�/�X ���H�b�Q�- �B�i �r�Q�m�H�/ �K���F�2 �b�2�M�b�2
�i�Q �/�2�T�H�Q�v �[�m���M�i�m�K �M�2�i�r�Q�`�F�b �B�K�T�H�2�K�2�M�i�B�M�; �2�M�i���M�;�H�2�@
�K�2�M�i �`�2�b�Q�m�`�+�2�b�- �r�?�B�+�? ���`�2 �i�?�2 �Q�M�H�v �Q�M�2�b �2�M���#�H�B�M�; ��

�Z�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���M�/ �+�`�v�T�i�Q�;�`���T�?�v �Z�m���M�i�m�K �E�2�v �.�B�b�i�`�B�#�m�i�B�Q�M �� �8�y



�6�B�;�m�`�2 �9�8�, �*�?�B�M���ö�b �j�j�-�y�y�y �F�K �Z�E�. �#���+�F�#�Q�M�2 �T�H���M ���b �T�`�2�b�2�M�i�2�/ �B�M �k�y�R�N�X �h�?�2 �Q�T�2�`���i�B�Q�M���H �*�L�@�Z�*�L �`�2�T�Q�`�i�2�/ �B�M �k�y�k�8 �+�Q�M�i���B�M�b
���T�T�`�Q�t�B�K���i�2�H�v �R�y�-�R�y�j �F�K �Q�7 �M�2�r�H�v �/�2�T�H�Q�v�2�/ �#���+�F�#�Q�M�2 �}�#�2�`�- �B�M�i�2�`�+�Q�M�M�2�+�i�2�/ �r�B�i�? �i�?�2 �2���`�H�B�2�` �"�2�B�D�B�M�;�@�a�?���M�;�?���B �#���+�F�#�Q�M�2 ���M�/
�K�2�i�`�Q�T�Q�H�B�i���M �M�2�i�r�Q�`�F�b �(�k�3�k�)�X

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

�1�K�m�H���i�B�Q�M ���M�/ �+�Q�M�i�`�Q�H �b�Q�7�i�r���`�2�X �:�B�p�2�M �i�?�2 �+�Q�b�i
�Q�7 �Z�E�. �?���`�/�r���`�2�- �i�?�2 �/�Q�K���B�M �`�2�b�2���`�+�? �B�M�+�`�2���b�B�M�;�H�v
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���+�`�Q�b�b �i�r�Q �H�Q�+���i�B�Q�M�b �r�?�B�H�2 �i�?�2 �2�M�+�`�v�T�i�2�/ �/���i�� �r�B�H�H �#�2
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�i�Q�@�;�`�Q�m�M�/ �[�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M �M�2�i�r�Q�`�F�- �+�Q�K�#�B�M�B�M�;
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�� �`�2�T�2���i�2�` �#�2�i�r�2�2�M �i�r�Q �;�`�Q�m�M�/ �b�i���i�B�Q�M�b �i�?���i ���`�2 �M�2�p�2�` �b�B�@
�K�m�H�i���M�2�Q�m�b�H�v �p�B�b�B�#�H�2�- �(�9�e�8�) �H�Q�Q�F�2�/ ���i �b���i�2�H�H�B�i�2�@���m�;�K�2�M�i�2�/
�;�H�Q�#���H �`�2�T�2���i�2�` �M�2�i�r�Q�`�F�b ���M�/ �(�9�e�e�) �/�B�/ �b�?�Q�r �?�Q�r �K�m�H�i�B�@
�K�Q�/�2 �K�2�K�Q�`�B�2�b �`���B�b�2 �i�?�2 �i�?�`�Q�m�;�?�T�m�i �Q�7 �b���i�2�H�H�B�i�2 �2�M�i���M�@
�;�H�2�K�2�M�i �/�B�b�i�`�B�#�m�i�B�Q�M�X �h�?�2�b�2 ���`�2 ���H�H �K�m�H�i�B�T�H�2�t�B�M�; �;���B�M�b
���T�T�H�B�2�/ �Q�M �i�Q�T �Q�7 �� �b�i�B�H�H �p�2�`�v �H�Q�r �#���b�2�H�B�M�2 �`���i�2�X �P�M
�i�?�2 �B�M�/�m�b�i�`�v �b�B�/�2�- �A�Q�M�Z ���+�[�m�B�`�2�/ �i�?�2 ���K�2�`�B�+���M �Q�T�i�B�+���H
�+�Q�K�K�m�M�B�+���i�B�Q�M�b �b�T�2�+�B���H�B�b�i �a�F�v�H�Q�Q�K �:�H�Q�#���H �B�M �L�Q�p�2�K�#�2�`
�k�y�k�8 �i�Q �#�m�B�H�/ �B�i�b �Q�r�M �b�T���+�2 �[�m���M�i�m�K �M�2�i�r�Q�`�F�B�M�; ���M�/
�b�2�M�b�B�M�; �B�M�7�`���b�i�`�m�+�i�m�`�2 �(�9�e�d�)�X

�Z�E�. �/�B�b�i�`�B�#�m�i�B�Q�M �r���b �2�p�2�M �i�2�b�i�2�/ �B�M �x�2�`�Q�@�: �~�B�;�?�i�b �i�Q
�b�2�2 �i�?�2 �B�K�T���+�i �Q�7 �;�`���p�B�i�v �+�?���M�;�2�b�- �r�B�i�? �T�Q�b�B�i�B�p�2 �`�2�b�m�H�i�b
�(�9�e�3�)�X

�a���i�2�H�H�B�i�2 �[�m���M�i�m�K �+�Q�K�T�m�i�B�M�;

�l�b�B�M�; �b���i�2�H�H�B�i�2�b �7�Q�` �Z�E�. �B�b �D�m�b�i �� �b�i���`�i�2�`�X �h�?�2�v �+�Q�m�H�/
���H�b�Q �?�Q�b�i �Q�M�#�Q���`�/ �[�m���M�i�m�K �+�Q�K�T�m�i�2�`�b�- �T���`�i�B�+�m�H���`�H�v �m�b�@
�B�M�; �T�?�Q�i�Q�M�b�X �h�?�B�b �r���b �/�2�K�Q�M�b�i�`���i�2�/ �B�M �k�y�k�8 �#�v ���M
�1�m�`�Q�T�2���M �i�2���K �m�b�B�M�; �� �b�K���H�H �e�@�K�Q�/�2 �[�m���M�i�m�K �T�?�Q�i�Q�M
�T�`�Q�+�2�b�b�Q�` �(�9�e�N�)�X �A�i �+�Q�m�H�/ �T�`�Q�p�B�/�2 �b�Q�K�2 �H�Q�+���H �2�M�+�Q�/�B�M�;
�+���T���#�B�H�B�i�v �7�Q�` �#�`�Q���/ �Z�E�. �M�2�i�r�Q�`�F�b�- �Q�` �i�Q �2�M�+�Q�/�2 �/���i��
�+�Q�K�B�M�; �7�`�Q�K �Q�M�#�Q���`�/ �[�m���M�i�m�K �b�2�M�b�Q�`�b �U�6�B�;�m�`�2�8�k�V�X

�6�B�;�m�`�2 �8�k�, �h�?�2 �Q�M�#�Q���`�/ �b�K���H�H �T�?�Q�i�Q�M�B�+ �[�m���M�i�m�K �+�Q�K�T�m�i�@
�B�M�; �m�M�B�i �2�K�#�2�/�/�2�/ �B�M �� �M���M�Q�b���i�2�H�H�B�i�2�- �#�m�B�H�i �#�v ���M �1�m�`�Q�T�2���M
�+�Q�M�b�Q�`�i�B�m�K �H�2�/ �#�v ���m�b�i�`�B���M �b�+�B�2�M�i�B�b�i�b �B�M �k�y�k�8�f�k�y�k�e�X �a�Q�m�`�+�2�,
�(�9�e�N�)�X

���M�/ �#�2�v�Q�M�/ �1���`�i�?�- �b�Q�K�2 ���`�2 �2�p�2�M �/�2�p�B�b�B�M�; �?�Q�r �b�Q�K�2
�2�t�i�`���i�2�`�`�2�b�i�`�B���H �+�B�p�B�H�B�x���i�B�Q�M �+�Q�m�H�/ �+�Q�K�K�m�M�B�+���i�2 �r�B�i�? �m�b
�r�B�i�? �2�M�i���M�;�H�2�/ �T�?�Q�i�Q�M�b�X �A ���K �D�m�b�i �r�Q�M�/�2�`�B�M�; �?�Q�r �i�?�2�b�2
�T�?�Q�i�Q�M �b�Q�m�`�+�2�b �+�Q�m�H�/ �#�2 �/�2�i�2�+�i�2�/ �Q�m�i �Q�7 �i�?�2 �M�Q�B�b�2 �+�Q�K�@
�B�M�; �7�`�Q�K �/�B�b�i���M�i �b�i���`�b�- �2�p�2�M �m�b�B�M�; ���H�H �i�?�2 �i�2�+�?�M�Q�H�Q�;�B�2�b
���`�Q�m�M�/ �i�Q �/�2�i�2�+�i �2�t�Q�T�H���M�2�i�b �U�i�`���M�b�B�i �K�2�i�?�Q�/�b�- �b�T�2�+�i�`�Q�;�@
�`���T�?�v�- �2�i�+�X�V �(�9�d�y���9�d�k�)�X �� �"�"�3�9 �Z�E�. �M�2�i�r�Q�`�F �r���b �2�p�2�M
�/�2�T�H�Q�v�2�/ �B�M �� �M�m�+�H�2���` �`�2���+�i�Q�` �#�v �h�Q�b�?�B�#���- ���i �i�?�2 �2�t�T�2�`�@
�B�K�2�M�i���H �`�2���+�i�Q�` �S�l�_�@�R �B�M �S�m�`�/�m�2 �l�M�B�p�2�`�b�B�i�v�- �A�M�/�B���M��
�(�9�d�j�)�X

�R�X�9�X�9 �Z�E�. �#�v �l���o�b

�h�?�2�`�2 ���`�2 �p���`�B�Q�m�b �T�`�Q�T�Q�b���H�b �7�Q�` �i�?�2 �2�b�i���#�H�B�b�?�K�2�M�i �Q�7
�Z�E�. �M�2�i�r�Q�`�F�b �m�b�B�M�; �H�Q�r�@���H�i�B�i�m�/�2 �T�H���i�7�Q�`�K�b �b�m�+�? ���b
�/�`�Q�M�2�b �U�l���o�b�V �Q�` �#���H�H�Q�Q�M�b�X �h�?�2�b�2 ���`�2 �ó�M�B�+�2 �i�Q �?���p�2�ô �2�t�@
�T�2�`�B�K�2�M�i�b �i�?���i �K���v �K���F�2 �b�2�M�b�2 �7�Q�` �i�?�2 �K�B�H�B�i���`�v �Q�` �Q�i�?�2�`
�b�T�2�+�B�}�+ �b�B�i�m���i�B�Q�M�b �r�?�2�`�2 �� �#�`�Q���/ ���M�/ �/�v�M���K�B�+ �+�Q�p�2�`���;�2
�B�b �`�2�[�m�B�`�2�/ ���M�/ �H���M�/�H�B�M�2 �+���T���#�B�H�B�i�B�2�b ���`�2 �B�M�b�m�{�+�B�2�M�i�X

�*�?�B�M�2�b�2 �`�2�b�2���`�+�?�2�`�b ���M�M�Q�m�M�+�2�/ �B�M �C�m�M�2 �k�y�R�N �i�?���i �i�?�2�v
�?���/ �/�2�K�Q�M�b�i�`���i�2�/ �Q�T�i�B�+���H �Z�E�. ���2�`�B���H �H�B�M�F�b �2�b�i���#�H�B�b�?�2�/
�r�B�i�?�B�M �� �M�2�i�r�Q�`�F �Q�7 �j�8 �F�; �Q�+�i�Q�+�Q�T�i�2�` �l���o�b �U�m�M�K���M�M�2�/
���2�`�B���H �p�2�?�B�+�H�2�b�V �b�T���+�2�/ �k�y�y �K ���T���`�i �/�m�`�B�M�; �� �9�y�@�K�B�M�m�i�2
�~�B�;�?�i ���i ���M ���H�i�B�i�m�/�2 �Q�7 �R�y�y �K �(�9�d�e�-�9�d�d�)�X �h�?�2 �T���v�H�Q���/
�?���M�/�H�B�M�; �[�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M �r�2�B�;�?�2�/ �R�R�X�3 �F�;�X �A�i
�+���M �b�i�B�H�H �#�2 �K�B�M�B���i�m�`�B�x�2�/�- �b�B�M�+�2 �*�?�B�M�� �B�b �T�H���M�M�B�M�; �i�Q �B�M�i�2�@
�;�`���i�2 �B�i �B�M�i�Q �K���b�b�@�K���`�F�2�i �l���o�b�X �A�M ���M�Q�i�?�2�` �T���T�2�` �7�`�Q�K
�k�y�k�8�- �*�?�B�M�2�b�2 �b�+�B�2�M�i�B�b�i�b �T�`�Q�T�Q�b�2�/ �i�Q �m�b�2 �b�K���H�H �+�?���B�M�b �Q�7
�#���H�H�Q�Q�M�b �~�v�B�M�; ���i ���M ���H�i�B�i�m�/�2 �Q�7 �k�9 �F�K �(�9�d�8�)�X

�Z�E�. �B�b ���H�b�Q �2�t�T�2�`�B�K�2�M�i�2�/ �r�B�i�? �#���H�H�Q�Q�M�b �U�6�B�;�m�`�2�8�9�V�X

�.�`�Q�M�2 �Z�E�. �B�b �M�Q�r ���H�b�Q �B�M�p�2�b�i�B�;���i�2�/ �B�M �i�?�2 �l�a�� �(�9�d�9�)
�U�6�B�;�m�`�2�8�j�V ���M�/ �B�M �A�M�/�B�� �(�9�d�3�)�X

�R�X�9�X�8 �l�M�/�2�`�r���i�2�` �Z�E�.

�l�M�/�2�`�r���i�2�` �7�`�2�2�@�b�T���+�2 �Z�E�. �B�b ���H�b�Q �m�M�/�2�` �B�M�p�2�b�i�B�;���i�B�Q�M
�B�M �h�C�`�F�B�v�2 ���M�/ �*�?�B�M�� �(�9�d�N�-�9�3�y�)�5 �h�?�2 �}�`�b�i �b�B�K�m�H���i�B�Q�M�b
�/�2���H �r�B�i�? �R�y �i�Q �9�y �K �/�B�b�i���M�+�2�b�X �A�i �B�b �7���` �7�`�Q�K �b�m�{�+�B�2�M�i
�i�Q �2�M���#�H�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b �r�B�i�? �b�m�#�K���`�B�M�2�b�- �B�M�+�H�m�/�B�M�;
�M�m�+�H�2���`�@�T�Q�r�2�`�2�/ �b�m�#�K���`�B�M�2�b�X �l�M�7�Q�`�i�m�M���i�2�H�v�- �r���i�2�` �B�b
�M�Q�i �� �+�H�2���M �K�2�/�B�m�K ���M�/ �� �H�Q�i �Q�7 �r�Q�`�F���`�Q�m�M�/�b �K�m�b�i �#�2
�7�Q�m�M�/ �i�Q �K���F�2 �B�i �T�Q�b�b�B�#�H�2�- �H�B�F�2 �m�b�B�M�; �*�o�@�Z�E�. �(�9�3�R�)�X �h�r�Q
�k�y�k�e �T���T�2�`�b �`�2�}�M�2�/ �i�?�2�b�2 �2�b�i�B�K���i�2�b�- �r�B�i�? �� �}�M�B�i�2�@�F�2�v
���M���H�v�b�B�b �Q�7 �m�M�/�2�`�r���i�2�` �Z�E�. �b�?�Q�r�B�M�; �?�Q�r �i�?�2 �`�2�[�m�B�`�2�/
�#�H�Q�+�F �b�B�x�2�b �#�B�i�2 �r�?�2�M �i�?�2 �+�?���M�M�2�H �B�b �i�?���i �H�Q�b�b�v �(�9�3�k�)�- ���M�/
�� �+�Q�K�T���`�B�b�Q�M �Q�7 �"�"�3�9�- �a���_�:�y�9 ���M�/ �"�"�J�N�k �B�M �b�2���r���i�2�`
�+�?���M�M�2�H�b �r�?�2�`�2 ���#�b�Q�`�T�i�B�Q�M ���M�/ �b�+���i�i�2�`�B�M�; �p���`�v �b�i�`�Q�M�;�H�v
�r�B�i�? �i�?�2 �r���i�2�` �i�m�`�#�B�/�B�i�v �(�9�3�j�)�X �1�p�2�M �B�M �i�?�2 �+�H�2���`�2�b�i
�C�2�`�H�Q�p �r���i�2�` �i�v�T�2�b�- �i�?�2 �T�`���+�i�B�+���H �`���M�;�2 �b�i���v�b �B�M �i�?�2 �i�2�M�b
�Q�7 �K�2�i�2�`�b�- �`�2�b�i�`�B�+�i�B�M�; �i�?�2 �m�b�2 �+���b�2�b �i�Q �b�?�Q�`�i�@�`���M�;�2 �H�B�M�F�b
�H�B�F�2 �� �b�m�#�K���`�B�M�2 �i�Q �m�M�/�2�`�r���i�2�` �b�2�M�b�Q�` �+�Q�M�M�2�+�i�B�Q�M�X

���M�Q�i�?�2�` �Q�T�i�B�Q�M �B�b �m�M�/�2�`�r���i�2�` �}�#�2�`�- �r�?�B�+�? ���p�Q�B�/�b �7�`�2�2�@
�b�T���+�2 ���i�i�2�M�m���i�B�Q�M �B�M �i�?�2 �r���i�2�` �+�Q�H�m�K�M �#�m�i �b�i�B�H�H �?���b �/�2�@
�T�H�Q�v�K�2�M�i�- �K���B�M�i�2�M���M�+�2�- �2�M�/�T�Q�B�M�i ���M�/ �B�K�T�H�2�K�2�M�i���i�B�Q�M�@
�b�2�+�m�`�B�i�v �+�Q�M�b�i�`���B�M�i�b�X �A�i �r���b �i�2�b�i�2�/ �B�M �k�y�k�j �#�2�i�r�2�2�M �A�i���H�v
���M�/ �J���H�i�� �Q�p�2�` �R�y�y �F�K ���b �T���`�i �Q�7 �i�?�2 �L���h�P �T�`�Q�D�2�+�i
�a�1�Z�l�1�G �U�a�2�+�m�`�2 �Z�m���M�i�m�K �*�Q�K�K�m�M�B�+���i�B�Q�M �l�M�/�2�`�b�2��
�G�B�M�F�V �(�9�3�9�) ���M�/ �#�2�i�r�2�2�M �i�?�2 �l�E ���M�/ �A�`�2�H���M�/ �Q�p�2�` �k�k�9
�F�K �(�9�3�8�)�X

�R�X�9�X�e �Z�E�. �T�?�Q�i�Q�M �b�Q�m�`�+�2�b

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

�Z�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���M�/ �+�`�v�T�i�Q�;�`���T�?�v �Z�m���M�i�m�K �E�2�v �.�B�b�i�`�B�#�m�i�B�Q�M �� �8�8



�6�B�;�m�`�2 �8�j�, �Z�E�. �2�t�T�2�`�B�K�2�M�i�b �m�b�B�M�; �b�K���H�H �/�`�Q�M�2�b �B�M �i�?�2 �l�a���X
�a�Q�m�`�+�2�, �(�9�d�9�)�X

�6�B�;�m�`�2 �8�9�, �Z�E�. �m�b�B�M�; �#���H�H�Q�Q�M�b �~�v�B�M�; ���i �k�9 �F�K �+�Q�m�H�/ �T�`�Q�p�B�/�2
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�i�B�Q�M ���M�/ �M�Q �m�M�B�M�i�2�M�/�2�/ �B�M�7�Q�`�K���i�B�Q�M �H�2���F���;�2 �(�e�N�k�-�e�N�j�)�X
�1�M�i���M�;�H�2�K�2�M�i�@�#���b�2�/ �*�o�@�Z�E�. ���H�b�Q �?���b �B�K�T�H�2�K�2�M�i���i�B�Q�M
�H�Q�Q�T�?�Q�H�2�b ���M�/ �T�`�Q�T�Q�b�2�/ �+�Q�m�M�i�2�`�K�2���b�m�`�2�b �(�e�N�9�)�X

�h�?�2 ���i�i���+�F �b�m�`�7���+�2 �B�b �M�Q�i �H�B�K�B�i�2�/ �i�Q �i�?�2 �[�m���M�i�m�K �+�?���M�@
�M�2�H�X �� �k�y�k�e ���M���H�v�b�B�b ���`�;�m�2�/ �i�?���i �i�?�2 �+�H���b�b�B�+���H �+�Q�M�i�`�Q�H
���M�/ �T�Q�b�i�@�T�`�Q�+�2�b�b�B�M�; �T�H���M�2 �Q�7 �Z�E�. �b�v�b�i�2�K�b�- �r�B�i�? �B�i�b �F�2�v
�K���M���;�2�K�2�M�i�- ���m�i�?�2�M�i�B�+���i�B�Q�M�- �b�v�M�+�?�`�Q�M�B�x���i�B�Q�M ���M�/ �T���@
�`���K�2�i�2�` �M�2�;�Q�i�B���i�B�Q�M �K�2�b�b���;�2�b�- �B�b ���M �m�M�/�2�`�@�2�t���K�B�M�2�/ ���i�@
�i���+�F �b�m�`�7���+�2 �r�?�B�+�? �+�Q�M�+�2�M�i�`���i�2�b �K���M�v �Q�7 �i�?�2 �2�t�T�H�Q�B�i���#�H�2
�r�2���F�M�2�b�b�2�b �Q�7 �� �/�2�T�H�Q�v�2�/ �b�v�b�i�2�K�X �A�i �B�b �+�Q�M�b�B�b�i�2�M�i �r�B�i�?
�i�?�2 ���L�a�a�A ���M�/ �L�*�a�* �Q�#�D�2�+�i�B�Q�M�b �K�2�M�i�B�Q�M�2�/ �2���`�H�B�2�` �(�e�N�8�)�X
�L�2�r ���i�i���+�F �b�+�?�2�K�2�b �F�2�2�T ���T�T�2���`�B�M�;�- �H�B�F�2 �i�?�2 �K���M�B�T�m�H���i�2�@
���M�/�@�Q�#�b�2�`�p�2 ���i�i���+�F �r�?�2�`�2 �i�?�2 �2���p�2�b�/�`�Q�T�T�2�` �K���M�B�T�m�H���i�2�b
�i�?�2 �+�?���M�M�2�H ���M�/ �Q�#�b�2�`�p�2�b �?�Q�r �i�?�2 �T�`�Q�i�Q�+�Q�H �`�2���+�i�b �(�e�N�e�)�-
���M�/ �T�Q�b�i�@�b�2�H�2�+�i�B�p�2 ���i�i���+�F�b �T�`�Q�D�2�+�i�B�M�; �i�?�2 �`�2�+�2�B�p�2�/ �K�m�H�i�B�@

�Z�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���M�/ �+�`�v�T�i�Q�;�`���T�?�v �Z�m���M�i�m�K �E�2�v �.�B�b�i�`�B�#�m�i�B�Q�M �� �e�R



�6�B�;�m�`�2 �8�N�, �Z�E�. �B�K�T�H�2�K�2�M�i���i�B�Q�M �p�m�H�M�2�`���#�B�H�B�i�B�2�b�X �h�?�2 �b�Q�m�`�+�2 �B�b �7�`�Q�K �k�y�R�9 ���M�/ �K���M�v �H�B�b�i�2�/ ���i�i���+�F�b �M�Q�r �?���p�2 �T�`�Q�i�Q�+�Q�H�@�b�T�2�+�B�}�+
�+�Q�m�M�i�2�`�K�2���b�m�`�2�b�- �#�m�i �B�K�T�H�2�K�2�M�i���i�B�Q�M �b�2�+�m�`�B�i�v �`�2�K���B�M�b ���M ���+�i�B�p�2 �}�2�H�/�X �1�M�i���M�;�H�2�K�2�M�i�@�#���b�2�/ �Z�E�. �B�b �M�Q�i ���m�i�Q�K���i�B�+���H�H�v
�/�2�p�B�+�2�@�B�M�/�2�T�2�M�/�2�M�i�X �.�A�@�Z�E�. �`�2�[�m�B�`�2�b ���/�/�B�i�B�Q�M���H �"�2�H�H�@�i�2�b�i ���M�/ �H���#�Q�`���i�Q�`�v ���b�b�m�K�T�i�B�Q�M�b�X �a�Q�m�`�+�2�, �(�e�d�8�)�X

�K�Q�/�2 �b�i���i�2 �Q�M�i�Q �6�Q�+�F �b�m�#�b�T���+�2�b �(�e�N�d�)�X ���m�i�?�2�M�i�B�+���i�B�Q�M �B�b
�� �`�2�b�2���`�+�? �i�Q�T�B�+ �Q�7 �B�i�b �Q�r�M �B�M �[�m���M�i�m�K �M�2�i�r�Q�`�F�b�- �b�B�M�+�2
�Z�E�. �`�2�[�m�B�`�2�b ���M ���H�`�2���/�v ���m�i�?�2�M�i�B�+���i�2�/ �+�H���b�b�B�+���H �+�?���M�M�2�H
���M�/ �i�?�2�`�2�7�Q�`�2 �/�2�T�2�M�/�b �2�B�i�?�2�` �Q�M �� �T�`�2�@�b�?���`�2�/ �b�2�+�`�2�i �Q�` �Q�M
�S�Z�* �b�B�;�M���i�m�`�2�b�- �r�?�B�+�? �B�b �Q�M�2 �Q�7 �i�?�2 �`�2�+�m�`�`�B�M�; �+�`�B�i�B�+�B�b�K�b
�Q�7 �Z�E�. �(�e�N�3�)�X ���/�D���+�2�M�i �T�`�B�K�B�i�B�p�2�b �B�M�+�H�m�/�2 �[�m���M�i�m�K
�T�Q�b�B�i�B�Q�M �p�2�`�B�}�+���i�B�Q�M�- �M�Q�r �K���/�2 ���`�#�B�i�`���`�B�H�v �H�Q�b�b�@�i�Q�H�2�`���M�i
�B�M �� �b�B�M�;�H�2 �2�t�2�+�m�i�B�Q�M �(�e�N�N�)�- ���M�/ �i�?�2 �m�b�2 �Q�7 �b�m�#�@�p���+�m�m�K
�M�Q�B�b�2 ���b �� �D���K�K�B�M�; �`�2�b�Q�m�`�+�2 �7�Q�` �b�2�+�m�`�2 �+�Q�K�K�m�M�B�+���i�B�Q�M
�(�d�y�y�)�X

�*�`�v�T�i�Q�;�`���T�?�v �B�b �7���b�+�B�M���i�B�M�; �7�Q�` �i�?�2 �b�T�2�2�/ ���i �r�?�B�+�? �B�K�@
�T�H�2�K�2�M�i���i�B�Q�M ���b�b�m�K�T�i�B�Q�M�b ���`�2 �i�2�b�i�2�/ �#�2�7�Q�`�2 �i�2�+�?�M�Q�H�Q�@
�;�B�2�b ���`�2 �/�2�T�H�Q�v�2�/ �2�M �K���b�b�2�X �"�2�H�H�@�i�2�b�i�@�#���b�2�/ ���M�/ �/�2�p�B�+�2�@
�B�M�/�2�T�2�M�/�2�M�i �b�+�?�2�K�2�b �+���M �#�2 �b�T�Q�Q�7�2�/ �r�?�2�M �/�2�i�2�+�i�Q�`�@
�+�Q�M�i�`�Q�H �Q�` �Q�i�?�2�` �H�Q�Q�T�?�Q�H�2�b �B�M�p���H�B�/���i�2 �i�?�2 ���b�b�m�K�T�i�B�Q�M�b �Q�7
�i�?�2 �b�2�+�m�`�B�i�v �i�2�b�i �(�d�y�R�)�X �"�2�i�i�2�` �/�2�i�2�+�i�Q�`�b �+���M �+�H�Q�b�2 �b�Q�K�2
�H�Q�Q�T�?�Q�H�2�b�- �#�m�i �/�2�i�2�+�i�Q�` �[�m���H�B�i�v ���H�Q�M�2 �B�b �M�Q�i �� �m�M�B�p�2�`�b���H
�`�2�K�2�/�v �#�2�+���m�b�2 �b�2�+�m�`�B�i�v �/�2�T�2�M�/�b �Q�M �i�?�2 �+�Q�K�T�H�2�i�2 �B�K�@
�T�H�2�K�2�M�i���i�B�Q�M ���M�/ �i�?�`�2���i �K�Q�/�2�H�X �A�i �B�b �� �M�2�p�2�`�@�2�M�/�B�M�;
�`���+�2�5

�R�X�9�X�R�y �Z�E�. ���M�/ �i�?�2 �"�H�Q�+�F�+�?���B�M

�Z�E�. �+�Q�m�H�/ �#�2 �m�b�2�/ �i�Q �b�2�+�m�`�2 �� �#�H�Q�+�F�+�?���B�M�- �#�m�i �i�?�B�b �B�b �/�2�H�@
�B�+���i�2 �i�Q �/�2�T�H�Q�v �2�M�/�@�i�Q�@�2�M�/ �Q�M �� �H���`�;�2 �b�+���H�2�X �"�H�Q�+�F�+�?���B�M
�m�b�2�`�b �/�Q �M�Q�i �?���p�2 �� �b���i�2�H�H�B�i�2 �H�B�M�F �Q�` �� �b�2�+�m�`�2�/ �}�#�2�`
�Q�M �?���M�/�- �2�p�2�M �r�?�2�M �i�?�2�v ���`�2 �K�Q�#�B�H�2�X �Z�E�. �`�2�[�m�B�`�2�b
�+�Q�M�i�`�Q�H�H�2�/ �H�B�M�F�b ���M�/ �i�`�m�b�i�2�/ �B�M�7�`���b�i�`�m�+�i�m�`�2�- �b�Q �B�i�b �}�i
�r�B�i�? �Q�T�2�M�- �T�2�`�K�B�b�b�B�Q�M�H�2�b�b ���M�/ �;�2�Q�;�`���T�?�B�+���H�H�v �/�B�z�m�b�2
�#�H�Q�+�F�+�?���B�M�b �B�b �H�B�K�B�i�2�/ ���M�/ �K�m�b�i �#�2 �D�m�b�i�B�}�2�/ �#�v �� �/�2�}�M�2�/
�i�?�`�2���i �K�Q�/�2�H�X

�h�?�B�b �B�b �i�?�2 �T�`�Q�T�Q�b���H �Q�7 �1�p�;�2�M�v �E�B�F�i�2�M�F�Q �Q�7 �i�?�2 �_�m�b�b�B���M
�Z�m���M�i�m�K �*�2�M�i�2�` �B�M �J�Q�b�+�Q�r �(�d�y�k�) ���M�/ �.�2�H �_���D���M ���M�/
�J���i�i �o�B�b�b�2�` �Q�7 �o�B�+�i�Q�`�B�� �l�M�B�p�2�`�b�B�i�v �Q�7 �q�2�H�H�B�M�;�i�Q�M �B�M �L�2�r
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���M�/ �T�2�M�/�B�M�; �T���i�2�M�i�b �B�M�+�H�m�/�B�M�; �k�N�3 �+�Q�K�B�M�; �7�`�Q�K �A�.�Z�-
�R�R�3 �7�`�Q�K �Z�m�#�B�i�2�F�F ���M�/ �k�N�3 �7�`�Q�K �G�B�;�?�i�b�v�M�[�V�X

�A�M ���T�`�B�H�- �#�2�7�Q�`�2 �*���T�2�H�H�� �a�T���+�2�ö�b ���+�[�m�B�b�B�i�B�Q�M�- �A�Q�M�Z �b�B�;�M�2�/
���M �J�P�A �r�B�i�? �A�M�i�2�H�H�B���M �h�2�+�?�M�Q�H�Q�;�B�2�b �U�a�Q�m�i�? �E�Q�`�2���V �i�Q
�2�t�T�H�Q�`�2 �?�Q�r �b�2�+�m�`�2 �[�m���M�i�m�K �M�2�i�r�Q�`�F�B�M�; �+���M �2�M�?���M�+�2
�b���i�2�H�H�B�i�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b�- �B�M�+�H�m�/�B�M�; �b���i�2�H�H�B�i�2�@�i�Q�@�b���i�2�H�H�B�i�2
���M�/ �;�`�Q�m�M�/�@�i�Q�@�b���i�2�H�H�B�i�2 �H�B�M�F�b�X

�A�a���_��
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�A�a���_�� �/�2�p�2�H�Q�T�b �T�Q�b�i�@�[�m���M�i�m�K �2�M�+�`�v�T�i�B�Q�M �b�Q�7�i�r���`�2 �b�Q�H�m�@
�i�B�Q�M�b ���M�/ �S�Z�* �B�K�T�H�2�K�2�M�i���i�B�Q�M �+�Q�M�b�m�H�i�B�M�; �r�B�i�? �ó�A�a���_��
�_���/�B���i�2 �a�2�+�m�`�B�i�v �a�Q�H�m�i�B�Q�M �a�m�B�i�2�ô �r�?�B�+�? �T�`�Q�p�B�/�2�b �T�m�#�@
�H�B�+ �F�2�v�b ���M�/ �2�M�+�`�v�T�i�B�Q�M ���H�;�Q�`�B�i�?�K�b�X �h�?�2�v ���`�2 �p�B�b�B�#�H�v
�#���b�2�/ �Q�M �?���b�? �i�`�2�2�b ���M�/ �+�Q�K�#�B�M�2 �S�Z�* �U�T�Q�b�i�@�[�m���M�i�m�K
�+�`�v�T�i�Q�V ���M�/ �i�`���/�B�i�B�Q�M���H �S�E�A �U�T�m�#�H�B�+�@�F�2�v �B�M�7�`���b�i�`�m�+�i�m�`�2�V
�(�R�R�y�y�)�X �P�M�2 �Q�7 �i�?�2�B�` �B�M�p�2�b�i�Q�`�b �B�b �i�?�2�Z�m���M�i�m�K �o���H�H�2�v �A�M�@
�p�2�b�i�K�2�M�i�b �7�m�M�/�- �K���M���;�2�/ �#�v �J�B�F�2 �G���x���`�B�/�B�b�- �+�Q�7�Q�m�M�/�2�`
�Q�7 �"�H���+�F�"�2�`�`�v�X �>�2 �`�2�B�M�p�2�b�i�2�/ �?�B�b �"�H���+�F�"�2�`�`�v�@�`�2�H���i�2�/
�7�Q�`�i�m�M�2 �B�M �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�?�2 �*���M���/�B���M �b�+�B�2�M�i�B�}�+
���M�/ �2�M�i�`�2�T�`�2�M�2�m�`�B���H �2�+�Q�b�v�b�i�2�K�- �T���`�i�B�+�m�H���`�H�v �B�M �[�m���M�i�m�K�-
�r�?�2�`�2 �?�2 �?���b �B�M�p�2�b�i�2�/ �� �i�Q�i���H �Q�7 �0�9�8�y�J �(�R�R�y�R�)�X

�E�1�1�Z�m���M�i
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�E�1�1�Z�m���M�i�- �7�Q�`�K�2�`�H�v �A�M�}�M�B�Z�m���M�i ���M�/ �b�T�m�M �Q�m�i �Q�7 �i�?�2
�J���t �S�H���M�+�F �A�M�b�i�B�i�m�i�2 �7�Q�` �i�?�2 �a�+�B�2�M�+�2 �Q�7 �G�B�;�?�i�- �/�2�p�2�H�Q�T�b
�+�Q�M�i�B�M�m�Q�m�b�@�p���`�B���#�H�2 �Z�E�. �7�Q�` �i�2�H�2�+�Q�K �M�2�i�r�Q�`�F�b�X �A�i�b �+�m�`�@
�`�2�M�i ���M�/���`�B�2�H �T�`�Q�/�m�+�i �7���K�B�H�v �m�b�2�b �+�Q�?�2�`�2�M�i �/�2�i�2�+�i�B�Q�M
���M�/ �:���m�b�b�B���M�@�K�Q�/�m�H���i�2�/ �+�Q�?�2�`�2�M�i �b�i���i�2�b�- �i�Q�;�2�i�?�2�` �r�B�i�?
�i�?�2 �E�J�a�R �F�2�v�@�K���M���;�2�K�2�M�i �b�v�b�i�2�K �7�Q�` �H�B�7�2�+�v�+�H�2 �K���M���;�2�@
�K�2�M�i ���M�/ �/�B�b�i�`�B�#�m�i�B�Q�M ���+�`�Q�b�b �M�2�i�r�Q�`�F �i�Q�T�Q�H�Q�;�B�2�b�X �h�?�2
�k�y�k�e ���M�/���`�B�2�H �h�2�b�i�#�2�/ �b�T�2�+�B�}�+���i�B�Q�M �;�B�p�2�b �� �K���t�B�K�m�K
�i�Q�H�2�`���i�2�/ �+�?���M�M�2�H �H�Q�b�b �Q�7 ���#�Q�m�i �R�e �/�"�- �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q
�`�Q�m�;�?�H�v �3�y �F�K �Q�7 �b�i���M�/���`�/ �y�X�k �/�"�f�F�K �}�#�2�`�- �r�B�i�? ���M
�B�M�/�B�+���i�B�p�2 �b�2�+�`�2�i�@�F�2�v �`���i�2 ���`�Q�m�M�/ �R�y �F�#�B�i�f�b �m�M�/�2�` �i�?�2
�b�i���i�2�/ �i�2�b�i �+�Q�M�/�B�i�B�Q�M�b�X

�E�1�h�a �Z�m���M�i�m�K
�a�2�+�m�`�B�i�v
�l�E�- �k�y�R�e�- � �3�X�k�J

�E�1�h�a �Z�m���M�i�m�K �a�2�+�m�`�B�i�v �B�b �� �l�M�B�p�2�`�b�B�i�v �Q�7 �"�`�B�b�i�Q�H �b�T�B�M�@
�Q�z �/�2�p�2�H�Q�T�B�M�; �B�M�i�2�;�`���i�2�/�@�T�?�Q�i�Q�M�B�+ �Z�E�. ���M�/ �Z�_�L�:
�T�`�Q�/�m�+�i�b�X �A�i�b �E�1�h�a �E�Q�`�2 �7���K�B�H�v �b�T���M�b �T���+�F���;�2�/ �Z�E�.

�i�`���M�b�K�B�i�i�2�`�f�`�2�+�2�B�p�2�` �+�?�B�T�b�- �K�Q�/�m�H�2�b ���M�/ �7�m�H�H�@�b�v�b�i�2�K
�T�`�Q�/�m�+�i�b�- �r�?�B�H�2 �B�i�b �Z�_�L�: �H�B�M�2 �`���M�;�2�b �7�`�Q�K �T���+�F���;�2�/ �8
�K�K � �8 �K�K �+�?�B�T�b ���M�/ �2�M�i�`�Q�T�v �#�Q���`�/�b �i�Q �� �S�*�A�2 �+���`�/
�/�2�H�B�p�2�`�B�M�; �m�T �i�Q �8 �:�#�B�i�f�b �Q�7 �T�Q�b�i�@�T�`�Q�+�2�b�b�2�/ �[�m���M�i�m�K
�`���M�/�Q�K�M�2�b�b�X �A�M �k�y�k�e�- �E�1�h�a �/�2�H�B�p�2�`�2�/ �B�i�b �Z�E�. �p�k�X�y �m�M�B�i
�7�Q�` �B�M�i�2�;�`���i�B�Q�M �B�M�i�Q �L�Q�F�B���ö�b �K�Q�#�B�H�2 �[�m���M�i�m�K�@�b���7�2 �/�2�K�Q�M�@
�b�i�`���i�B�Q�M �T�H���i�7�Q�`�K�X �A�i�b �/�B�z�2�`�2�M�i�B���i�B�Q�M �`�2�K���B�M�b �K�B�M�B���@
�i�m�`�B�x���i�B�Q�M�- �H�Q�r �T�Q�r�2�` ���M�/ �K���M�m�7���+�i�m�`���#�B�H�B�i�v �i�?�`�Q�m�;�?
�B�M�i�2�;�`���i�2�/ �T�?�Q�i�Q�M�B�+�b �`���i�?�2�` �i�?���M �+�Q�M�p�2�M�i�B�Q�M���H �`���+�F�@�b�+���H�2
�/�B�b�+�`�2�i�2 �Q�T�i�B�+�b�X

�E�2�v�7���+�i�Q�`
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�E�2�v�7���+�i�Q�` �B�b �� �/�B�;�B�i���H�@�i�`�m�b�i�- �S�E�A ���M�/ �+�2�`�i�B�}�+���i�2�@�H�B�7�2�+�v�+�H�2
�p�2�M�/�Q�` �r�?�Q�b�2 �k�y�k�e �[�m���M�i�m�K�@�b���7�2 �Q�z�2�`�B�M�; �B�b �+�2�M�i�2�`�2�/ �Q�M
�+�`�v�T�i�Q�@���;�B�H�B�i�v �`���i�?�2�` �i�?���M �Z�E�. �?���`�/�r���`�2�X �A�i�b �T�H���i�7�Q�`�K
�+�Q�K�#�B�M�2�b �1�C�"�*�� �S�E�A�- �a�B�;�M�a�2�`�p�2�` �b�B�;�M�B�M�;�- �E�2�v�7���+�i�Q�`
�*�Q�K�K���M�/ �+�2�`�i�B�}�+���i�2 �H�B�7�2�+�v�+�H�2 �K���M���;�2�K�2�M�i ���M�/ ���;�B�H�2�a�2�+
�+�`�v�T�i�Q�;�`���T�?�B�+ �/�B�b�+�Q�p�2�`�v�f�T�Q�b�i�m�`�2 �K���M���;�2�K�2�M�i�X �*�m�`�`�2�M�i
�1�C�"�*�� ���M�/ �a�B�;�M�a�2�`�p�2�` �`�2�H�2���b�2�b �b�m�T�T�Q�`�i �T�Q�b�i�@�[�m���M�i�m�K
���M�/ �+�Q�K�T�Q�b�B�i�2 �+�2�`�i�B�}�+���i�2�f�b�B�;�M���i�m�`�2 �r�Q�`�F�~�Q�r�b�- �B�M�+�H�m�/�B�M�;
�J�G�@�.�a���@�#���b�2�/ �+�Q�K�T�Q�b�B�i�2 �+�2�`�i�B�}�+���i�2�b�- �r�?�B�H�2 ���;�B�H�2�a�2�+
�B�M�p�2�M�i�Q�`�B�2�b �/�2�T�H�Q�v�2�/ �+�`�v�T�i�Q�;�`���T�?�v ���M�/ �T�`�B�Q�`�B�i�B�x�2�b �S�Z�*
�K�B�;�`���i�B�Q�M�X

�E�B�j �S�?�Q�i�Q�M�B�+�b
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�E�B�j �S�?�Q�i�Q�M�B�+�b �B�b �� �b�T�B�M�@�Q�z �Q�7 �i�?�2 �L���i�B�Q�M���H �A�M�b�i�B�i�m�i�2 �Q�7
�a�+�B�2�M�i�B�}�+ �_�2�b�2���`�+�? �Q�M �2�M�2�`�;�v�- �K���i�2�`�B���H�b ���M�/ �i�2�H�2�+�Q�K�@
�K�m�M�B�+���i�B�Q�M�b �7�`�Q�K �J�Q�M�i�`�2���H �+�`�2���i�2�/ �#�v �u�Q���M�M �C�2�b�i�B�M
�U�*�1�P�V ���M�/ �S�B�Q�i�` �_�Q�x�;�i�Q�+�F�B �U�*�h�P�V�X �A�i �/�2�p�2�H�Q�T�b �+�Q�K�T���+�i
���M�/ �2�M�2�`�;�v �2�{�+�B�2�M�i �Z�E�. �?���`�/�r���`�2 �b�Q�H�m�i�B�Q�M�b �i�Q �2���b�2 �B�i�b
�/�2�T�H�Q�v�K�2�M�i �Q�p�2�` �b�i���M�/���`�/ �i�2�H�2�+�Q�K�K�m�M�B�+���i�B�Q�M�b �H�B�M�F�b �#�v
�K�m�H�i�B�T�H�2�t�B�M�; �b�B�;�M���H�b �r�B�i�? �7�`�2�[�m�2�M�+�v �+�Q�K�#�b�X
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�G���b�i�r���H�H �r���b �7�Q�m�M�/�2�/ �#�v �E���`�H �>�Q�H�K�[�p�B�b�i �U�*�1�P�V�- ���M�@
�/�`�2�r �J�+�E�2�M�x�B�2 �U�*�P�P�V�- ���M�/ �A���M �_�m�i�?�2�`�7�Q�`�/ �U�*�h�P�V�X �A�i�b
�K���B�M �T�`�Q�/�m�+�i �B�b �A�.�*�Q�K�K���M�/�- �� �b�2�+�m�`�B�i�v �?���`�/�r���`�2 �r�?�B�+�?
�B�M�i�2�;�`���i�2�b �� �S�Z�*�@�`�2���/�v �S�E�A�X
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�H�2�p�2�H�Z�m���M�i�m�K �r���b �+�`�2���i�2�/ �#�v �J���;�/���H�2�M�� �a�i�Q�#�B�–�b�F��
�U�*�1�P�- �� �`�2�b�2���`�+�?�2�` �b�T�2�+�B���H�B�x�2�/ �B�M �.�A�@�Z�E�. �(�R�R�y�k�)�V�- ���H�b�Q
�� �T�`�Q�7�2�b�b�Q�` �Q�7 �[�m���M�i�m�K �B�M�7�Q�`�K���i�B�Q�M ���i �i�?�2 �l�M�B�p�2�`�b�B�i�v �Q�7
�q���`�b���r ���M�/ ���/���K �"�m�`���+�x�2�r�b�F�B �U�*�h�P�V�X

�h�?�2 �+�Q�K�T���M�v �+�`�2���i�2�b �� �Z�E�. �Q�T�2�`���i�B�M�; �Q�p�2�` �b���i�2�H�H�B�i�2
�+�Q�M�M�2�+�i�B�Q�M�b �m�b�B�M�; �� �M�2�r �.�A�@�Z�E�. �U�/�2�p�B�+�2 �B�M�/�2�T�2�M�/�2�M�i�-
�2�M�i���M�;�H�2�K�2�M�i �#���b�2�/�V �T�`�Q�i�Q�+�Q�H �T�`�Q�i�2�+�i�B�M�; �+�Q�K�K�m�M�B�+���i�B�Q�M
�Q�p�2�` �H�Q�M�; �/�B�b�i���M�+�2 �m�b�B�M�; �i�r�B�M�@�}�2�H�/ �H�B�;�?�i �2�M�+�Q�/�B�M�; ���M�/
�b�+���H�B�M�;�- �m�b�B�M�; �a�S�.�* �#���b�2�/ �T�?�Q�i�Q�M �b�Q�m�`�+�2�b �(�R�R�y�k�)�X �A�i
�r�Q�`�F�b �Q�M �H�Q�M�; �/�B�b�i���M�+�2 �B�M �i�2�`�`�2�b�i�`�B���H ���M�/ �b���i�2�H�H�B�i�2 �K�Q�/�2
�r�B�i�? �;�Q�Q�/ �F�2�v �`���i�2�b �Q�7 �R�y�j �i�Q �R�y�9 �#�B�i�b�f�b�2�+ �7�Q�` �b���i�2�H�@
�H�B�i�2 ���M�/ �R�y�d �#�B�i�b �T�2�` �b�2�+�Q�M�/ �Q�M �;�`�Q�m�M�/ �+�Q�K�K�m�M�B�+���i�B�Q�M
�(�R�R�y�j�)�X

�Z�m���M�i�m�K �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���M�/ �+�`�v�T�i�Q�;�`���T�?�v �Z�E�. ���M�/ �S�Z�* �p�2�M�/�Q�`�b �� �R�R�e



�h�?�2 �+�Q�K�T���M�v �B�b �7�Q�+�m�b�2�/ �Q�M �b���i�2�H�H�B�i�2 �Z�E�.�- �?���p�B�M�; �+�`�2�@
���i�2�/ �� �+�Q�K�K�m�M�B�+���i�B�Q�M �i�2�`�K�B�M���H �+�Q�m�T�H�2�/ �i�Q �� �b�K���H�H �i�2�H�2�@
�b�+�Q�T�2�X �A�i �Q�T�2�`���i�2�b �B�M �/���v�H�B�;�?�i �m�b�B�M�; �B�M�7�`���`�2�/ �B�M �i�?�2 �e�y�y
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�i�B�i�v�- �r�?�B�+�? �B�b �i�?�2 �+���b�2 �7�Q�` �[�m���M�i�m�K �i�?�2�`�K�Q�K�2�i�`�v �r�B�i�?
�L�o �+�2�M�i�2�`�b �(�R�R�8�3�)�X �J�Q�b�i �Q�7 �i�?�2 �i�B�K�2�- �[�m���M�i�m�K �b�2�M�b�@
�B�M�; �2�t�T�H�Q�B�i�b �+�?���M�;�2�b �B�M �i�?�2 �i�`���M�b�B�i�B�Q�M �7�`�2�[�m�2�M�+�v �Q�` �i�?�2
�i�`���M�b�B�i�B�Q�M �`���i�2 �B�M �`�2�b�T�Q�M�b�2 �i�Q ���M �2�t�i�2�`�M���H �b�B�;�M���H �(�R�R�8�N�)�X

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

�Z�m���M�i�m�K �b�2�M�b�Q�`�b ���`�2 �� �#�B�i �T���`���/�Q�t�B�+���H�, �� �b�B�M�;�H�2 �T�`�Q�@
�D�2�+�i�B�p�2 �K�2���b�m�`�2�K�2�M�i �Q�M �� �b�2�M�b�B�M�; �[�m�#�B�i �`�2�i�m�`�M�b �� �/�B�b�@
�+�`�2�i�2 �Q�m�i�+�Q�K�2�- �Q�7�i�2�M �D�m�b�i �Q�M�2 �#�B�i�X �a�Q �?�Q�r �/�Q �v�Q�m �;�2�i
�� �~�Q���i�B�M�;�@�T�Q�B�M�i �M�m�K�#�2�` �r�B�i�? �� �H���`�;�2 �T�`�2�+�B�b�B�Q�M�\ �A�M �i�?�2
�K�Q�b�i �#���b�B�+ �+���b�2�b�- �v�Q�m �K���F�2 �K���M�v �K�2���b�m�`�2�K�2�M�i�b ���M�/
���p�2�`���;�2 �i�?�2�B�` �`�2�b�m�H�i�b�X �A�M �T�`���+�i�B�+�2�- �b�2�M�b�Q�`�b ���H�b�Q �B�M�7�2�` ��
�+�Q�M�i�B�M�m�Q�m�b �T���`���K�2�i�2�` �7�`�Q�K �T�?�Q�i�Q�M �+�Q�m�M�i�b�- �2�M�b�2�K�#�H�2
�~�m�Q�`�2�b�+�2�M�+�2�- ���M���H�Q�; �b�B�;�M���H�b�- �K�m�H�i�B�H�2�p�2�H �`�2���/�Q�m�i�- �;�2�M�2�`�@
���H�B�x�2�/ �K�2���b�m�`�2�K�2�M�i�b �Q�` �+�Q�M�i�B�M�m�Q�m�b�@�p���`�B���#�H�2 �/�2�i�2�+�i�B�Q�M�-
�b�Q �� �b�B�M�;�H�2 �`�2���/�Q�m�i �B�b �M�Q�i �`�2�b�i�`�B�+�i�2�/ �i�Q �Q�M�2 �#�B�i �(�R�R�e�y�-
�R�R�e�R�)�X �h�?�2�`�2 ���`�2 �Q�i�?�2�` �b�m�#�i�H�2�i�B�2�b�X �q�B�i�? �L�o �+�2�M�i�2�` �b�2�M�@
�b�Q�`�b�- �v�Q�m �#�m�B�H�/ �� �b�T�B�M �`�2�b�Q�M���M�+�2 �b�T�2�+�i�`�m�K �7�`�Q�K �`�2�T�2���i�2�/
�K�2���b�m�`�2�K�2�M�i�b ���M�/ �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �`�2�b�m�H�i�B�M�; �+�m�`�p�2 �H�2�i�b
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�6�B�;�m�`�2 �R�y�d�, �_�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2 �a�A �+�Q�M�b�i���M�i�b�- �m�M�B�i�b ���M�/ �i�?�2�B�` �b�B�;�M�B�}�+���i�B�Q�M�X �a�Q�m�`�+�2�b�,� �P�H�B�p�B�2�` �1�x�`���i�i�v�- �k�y�k�R�@�a�2�T�i�2�K�#�2�`
�k�y�k�e�- ���M�/ �(�R�R�8�j�)�X

�6�B�;�m�`�2 �R�y�3�, �Z�m���M�i�m�K �b�2�M�b�B�M�; �i���t�Q�M�Q�K�v�X �a�Q�m�`�+�2�, �i���#�H�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ ���M�/ �m�T�/���i�2�/ �7�`�Q�K �(�R�R�8�9�)�X ���/�/�2�/ �B�M �k�y�k�k�X �*�Q�`�`�2�+�i�2�/ �B�M
�k�y�k�9�X

�v�Q�m �/�2�i�2�`�K�B�M�2 �i�?�2 �/�2�i�2�+�i�2�/ �K���;�M�2�i�B�+ �}�2�H�/ �#�v �+�Q�K�T�m�i�@
�B�M�; �i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�r�Q �T�2���F�b�X �A�i �B�b ���M �B�M�/�B�`�2�+�i
�K�2���b�m�`�2�K�2�M�i�X �A�M �b�Q�K�2 �+���b�2�b�- �i�?�2 �ó�[�m�#�B�i�ô �/�Q�B�M�; �i�?�2
�K�2���b�m�`�2�K�2�M�i �+�Q�M�i���B�M�b �b�Q�K�2 �[�m���M�i�m�K �/���i�� �i�?���i �+�Q�m�H�/
�T�Q�i�2�M�i�B���H�H�v �#�2 �m�b�2�/ �#�v �� �[�m���M�i�m�K �+�Q�K�T�m�i�2�`�- �i�?�m�b ���p�Q�B�/�@
�B�M�; �� �+�Q�b�i�H�v �/���i�� �2�M�+�Q�/�B�M�; �T�`�Q�+�2�b�b �(�R�R�e�k�)�X �A�i �+���M �2�p�2�M
�H�2���/ �i�Q �B�K�T�`�Q�p�2�/ �K�2���b�m�`�2�K�2�M�i �b�2�M�b�B�i�B�p�B�i�v �(�R�R�e�j�-�R�R�e�9�)�X

�� �[�m���M�i�m�K �b�2�M�b�Q�` �K�2���b�m�`�2�K�2�M�i �T�`�2�+�B�b�B�Q�M �r�B�H�H �/�2�T�2�M�/
�Q�M �b�2�p�2�`���H �T���`���K�2�i�2�`�b�, �i�?�2 �b���K�T�H�B�M�; �`���i�2 �U�?�Q�r �K���M�v
�K�2���b�m�`�2�K�2�M�i�b ���`�2 �K���/�2 �r�B�i�? �i�?�2 �b���K�2 �b�2�M�b�Q�`�b �Q�` �b�B�K�B�@

�H���` �b�2�M�b�Q�`�b �B�M �T���`���H�H�2�H�V�- �i�?�2 �b�2�M�b�Q�` �M�Q�B�b�2 ���M�/ �i�?�2 �b�2�M�b�Q�`
�b�2�M�b�B�i�B�p�B�i�v �(�R�R�e�8�)�X

�q�?�B�+�? �#�`�B�M�;�b �m�b �i�Q �/�2�}�M�2 �b�Q�K�2 �F�2�v �+�Q�M�+�2�T�i�b �`�2�H���i�2�/
�i�Q �[�m���M�i�m�K �K�2���b�m�`�2�K�2�M�i �T�`�2�+�B�b�B�Q�M �r�B�i�? �K�Q�`�2 �/�2�i���B�H�b
�U�b�2�2 �i�?�2 �i�m�i�Q�`�B���H �7�`�Q�K �J���`�+�Q �"���`�#�B�2�`�B �T�m�#�H�B�b�?�2�/ �B�M �k�y�k�8
�B�M �(�R�R�e�e�) �7�Q�` �K�Q�`�2 �/�2�i���B�H�b�- �7�Q�+�m�b�B�M�; �Q�M �T�?�Q�i�Q�M�B�+ �#���b�2�/
�K�2�i�`�Q�H�Q�;�v�V�X �Z�m���M�i�m�K �b�2�M�b�B�M�; �?���b �B�i�b �Q�r�M �b�2�K���M�i�B�+
�x�Q�Q�H�Q�;�v �r�B�i�? �K�2���b�m�`�2�K�2�M�i�b�- �2�b�i�B�K���i�Q�`�b�- �2�b�i�B�K���i�B�Q�M�b�-
�T�`�2�+�B�b�B�Q�M�b�- �p���`�B���M�+�2�b�- �b�i���i�B�b�i�B�+�b�- �H�B�K�B�i�b�- �#�Q�m�M�/�b ���M�/ �i�?�2
�H�B�F�2�X �h�?�2 �7�Q�H�H�Q�r�B�M�; �i�2�t�i �+�H���`�B�}�2�b �b�Q�K�2 �Q�7 �i�?�2 �[�m���M�i�m�K
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�b�2�M�b�B�M�; �H�B�M�;�m���- �;�B�p�2�M �i�?�2�`�2 ���`�2 �K���M�v �B�M�+�Q�M�b�B�b�i�2�M�+�B�2�b �B�M
�i�?�2 �`�2�H���i�2�/ �H�B�i�2�`���i�m�`�2�X

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

�Z�m���M�i�m�K �6�B�b�?�2�` �A�M�7�Q�`�K���i�B�Q�M �U�Z�6�A�V�[�m���M�i�B�}�2�b �?�Q�r
�b�2�M�b�B�i�B�p�2�H�v �� �T���`���K�2�i�2�`�B�x�2�/ �[�m���M�i�m�K �b�i���i�2 �+�?���M�;�2�b �r�B�i�?
�i�?�2 �T���`���K�2�i�2�` �i�Q �#�2 �2�b�i�B�K���i�2�/�X �A�i �B�b �M�Q�i �B�i�b�2�H�7 �� �T�`�2�+�B�b�B�Q�M
�H�B�K�B�i�X �6�Q�` ���M �m�M�#�B���b�2�/ �2�b�i�B�K���i�Q�` �#���b�2�/ �Q�M� �B�M�/�2�T�2�M�@
�/�2�M�i �`�2�T�2�i�B�i�B�Q�M�b�- �B�i �b�2�i�b �i�?�2 �[�m���M�i�m�K �*�`���K�û�`���_���Q �#�Q�m�M�/
Var(�̂ ) � 1=(�F Q ) �m�M�/�2�` �i�?�2 �m�b�m���H �`�2�;�m�H���`�B�i�v �+�Q�M�/�B�i�B�Q�M�b�X
�Z�6�A �+���M ���H�b�Q �b�2�`�p�2 ���b ���M �2�M�i���M�;�H�2�K�2�M�i �r�B�i�M�2�b�b �7�Q�` �T���`�@
�i�B�+�m�H���` �;�2�M�2�`���i�Q�`�b ���M�/ �K�m�H�i�B�T���`�i�B�i�2 �b�i���i�2�b�- �#�m�i �B�i �B�b �M�Q�i
�� �m�M�B�p�2�`�b���H �b�+���H���` �K�2���b�m�`�2 �Q�7 �K�m�H�i�B�T���`�i�B�i�2 �2�M�i���M�;�H�2�K�2�M�i
�(�R�R�e�3�- �R�R�e�N�)�X �Z�m���M�i�m�K �2�`�`�Q�` �K�B�i�B�;���i�B�Q�M �Q�` �[�m���M�i�m�K
�2�`�`�Q�` �+�Q�`�`�2�+�i�B�Q�M �+���M �?�2�H�T �� �T�`���+�i�B�+���H �T�`�Q�i�Q�+�Q�H ���T�T�`�Q���+�?
�i�?�2 �T�`�2�+�B�b�B�Q�M ���H�H�Q�r�2�/ �#�v �B�i�b �M�Q�B�b�v �/�v�M���K�B�+�b �(�R�R�d�y�-�R�R�d�R�)�X

�*�`���K�û�`���_���Q �#�Q�m�M�/ �U�*�_�"�V�B�b �i�?�2 �H�Q�r�2�` �#�Q�m�M�/ �Q�M �i�?�2
�p���`�B���M�+�2 �Q�7 ���M �m�M�#�B���b�2�/ �2�b�i�B�K���i�Q�`�X �h�?�2 �i�2�`�K�b �*�`���K�û�`��
�_���Q �#�Q�m�M�/ ���M�/ �*�`���K�û�`���_���Q �H�B�K�B�i ���`�2 �+�Q�K�K�Q�M�H�v �m�b�2�/
�7�Q�` �i�?�2 �b���K�2 �B�M�2�[�m���H�B�i�v�- �`���i�?�2�` �i�?���M �7�Q�` �i�r�Q �/�B�z�2�`�2�M�i
�[�m���M�i�B�i�B�2�b�X �A�M �� �b�B�M�;�H�2�@�T���`���K�2�i�2�` �+�H���b�b�B�+���H �2�b�i�B�K���i�B�Q�M
�T�`�Q�#�H�2�K�-Var(�̂ ) � 1=(�F )�- �r�?�2�`�2F �B�b �i�?�2 �6�B�b�?�2�` �B�M�@
�7�Q�`�K���i�B�Q�M �T�2�` �`�2�T�2�i�B�i�B�Q�M�X �h�?�2 �[�m���M�i�m�K �*�`���K�û�`���_���Q
�#�Q�m�M�/ �`�2�T�H���+�2�bF �#�v �i�?�2 �Z�6�A �Q�T�i�B�K�B�x�2�/ �Q�p�2�` �[�m���M�i�m�K
�K�2���b�m�`�2�K�2�M�i�b�X �A�M �K�m�H�i�B�T���`���K�2�i�2�` �2�b�i�B�K���i�B�Q�M�- �i�?�2 �Z�6�A
�#�2�+�Q�K�2�b �� �K���i�`�B�t�- �#�m�i �B�i�b �B�M�p�2�`�b�2 �B�b �M�Q�i ���H�r���v�b �D�Q�B�M�i�H�v
���i�i���B�M���#�H�2 �#�2�+���m�b�2 �Q�T�i�B�K���H �K�2���b�m�`�2�K�2�M�i�b �7�Q�` �/�B�z�2�`�2�M�i
�T���`���K�2�i�2�`�b �K���v �#�2 �B�M�+�Q�K�T���i�B�#�H�2�X

�a�?�Q�i�@�M�Q�B�b�2 �H�B�K�B�i �U�a�L�G�V�/�2�b�+�`�B�#�2�b �~�m�+�i�m���i�B�Q�M�b ���b�b�Q�@
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