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Abstract

Channel estimation is the process of understanding and analyzing the wireless
communication channel’s properties. It helps optimize data transmission by providing
essential information for adjusting encoding and decoding parameters. This thesis
explores using aConvolutionalNeuralNetwork (CNN) for channel estimation in the 5G
Link Level Simulator, 5G-LLS, developed by Tietoevry. The objectives were to create
a Python framework for channel estimation experimentation and to evaluate CNN’s
performance compared to the conventional algorithms Least Squares (LS), Minimum
Mean Square Error (MMSE) and LinearMinimumMean Square Error (LMMSE). Two
distinct channel model scenarios were investigated in this study.

The results from the study suggest that CNN outperforms LMMSE, LS, and MMSE
regardingMean SquaredError (MSE) for both channelmodels, with LMMSEat second
place. It managed to lower to the MSE by 85% compared to the LMMSE for the
correlated channel and 78% for the flat fading channel. In terms of the overall system-
level performance, as measured by Bit-Error Rate (BER), the CNN only managed to
outperform LS and MMSE. The CNN and the LMMSE yielded similar results. This
was due to that the LMMSE’s MSE was still good enough to demodulate the symbols
for the QPSK modulation scheme correctly.

The insights in this thesis work enables Tietoevry to implementmoremachine learning
algorithms and further develop channel estimation in 5G telecommunications and
wireless communication networks through experiments in 5G-LLS. Given that the
CNN did not increase the performance of the communication system, future studies
should test a broader range of channel models and consider more complexmodulation
schemes. Also, studying other and more advanced machine learning techniques than
CNN is an avenue for future research.
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Sammanfattning

Kanalestimering är en process i trådlösa kommunikationssystem som handlar om
att analysera och förstå det trådlösa mediumets egenskaper. Genom effektiv
kanalestimering kan dataöverföringen optimeras genom att anpassa signalen efter den
trådlösa kanalen. Detta arbete utforskar användningen av ett konvolutionellt neuralt
nätverk (CNN) för kanalestimering i Tietoevrys 5G-datalänkslagersimulator (5G-LLS).
Målen är att (1) skapa ett Python-ramverk för kanalestimeringsexperiment samt
att (2) utvärdera CNN:s prestanda jämfört med konventionella algoritmerna minsta
kvadratmetoden (LS), minimalt medelkvadratsfel (MMSE) och linjärt minimalt
medelkvadratsfel (LMMSE). Två olika kanalmodellsituationer undersöks i detta
arbete.

Resultaten visar att CNNöverträffar LMMSE, LS ochMMSE i form avmedelkvadratisk
fel (MSE) för båda kanalmodellerna, med LMMSE på andra plats. CNN:n lyckades
minska MSE:n med 85% jämfört med LMMSE för den korrelerade kanalen och
med 78% för den snabbt dämpande kanalen. Vad gäller systemnivåprestanda,
mätt med hjälp av bitfelsfrekvens (BER), lyckades CNN endast överträffa LS och
MMSE. CNN och LMMSE gav liknande resultat. Detta beror på att LMMSE:s MSE
fortfarande var tillräckligt låg för att korrekt demodulera symbolerna för QPSK-
modulationsschemat.

Resultatet från detta examensarbete möjliggör för Tietoevry att implementera fler
maskininlärningsalgoritmer och vidareutveckla kanalestimering inom
5G-telekommunikation och trådlösa kommunikationsnätverk genom experiment i 5G-
LLS. Med tanke på att CNN inte överträffade samtliga kanalestimeringstekniker bör
framtida studier testa ett bredare utbud av kanalmodeller och överväga mer komplexa
moduleringsscheman. Framtida arbeten bör även utforska fler och mer avancerade
maskininlärningsalgoritmer än CNN.

Nyckelord
Kanalestimering, MIMO-OFDM, CNN, Maskininlärning, 5g NR, LS, MMSE, LMMSE,
DMRS, QPSK, Djupinlärning
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Chapter 1

Introduction

5G New Radio (NR) is the fifth generation of wireless mobile technology. The demand
for enhanced capabilities offered by 5G NR has been fueled by rapid technological
advancements and the increasing need for high-speed connectivity. 5G NR is expected
to provide faster data transfer speeds, lower latency, and increased capacity for
connected devices compared to previous generations, enabling a wide range of new
applications and use cases, such as remote surgery, autonomous vehicles, and smart
cities. It is designed to accommodate the growing number of IoT devices, with
predictions indicating that the number of such devices alone will reach 75 billion by
2025 [8]. 5G NR aims to serve both machine-to-machine communication and people,
striving to deliver a seamless and responsive experience for all. These advancements
are made possible through collaboration among various underlying technologies, one
of the being channel estimation.

Channel estimation is a principal component for ensuring a reliable and efficient
communication between base station antennas and user devices. The characteristics of
the channel are estimated through the use of DemodulationReference Signals (DMRS),
a signaling sequence known both to transmitter and receiver. Using this, the receiver
is able to demodulate the signals and establish the Channel State Information (CSI).
Three widely used techniques for this are Least Squares (LS), MinimumMean Square
Error (MMSE) and Linear Minimum Mean Square Error (LMSSE). These techniques
rely on assumptions about the channel which may not capture the complexity of
real-world scenarios. While sufficient, research have showed promising results
incorporating Deep Learning methods in other modules of the 5G physical layer [25,
28, 41]. Tietoevry therefore aims to investigate the potential of machine learning and
Artificial Intelligence (AI) approaches in their 5G Link Layer Simulator (5G-LLS) to
enhance the performance of channel estimation and further improve communication
reliability and efficiency. This however depends on an accurate mathematical model
of the channel for it to be applicable.
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CHAPTER 1. INTRODUCTION

1.1 Background

Tietoevry has developed 5G-LLS to enable smooth and flexible experimentation with
link layer and physical layer functionality. The simulator encompasses a wide range of
techniques such as channel estimation, channel coding, modulation, MIMO settings,
and more. It can be effortlessly extended and customized to optimize and evaluate
various link layer and underlying functionalities.

Machine Learning and AI adaptions has recently seen a surge in academic and
industrial wireless communication contexts (signal decoding, radio resource allocation
and channel estimation, etc) [2]. The channel estimation module within the simulator
currently only uses conventional algorithms. Tietoevry has offered this thesis to
incorporate machine learning and AI methods into 5G-LLS to determine whether it
is possible to make an improved channel estimator based on these techniques.

1.2 Problem Description

The current channel estimation module in Tietoevry’s 5G Link Layer Simulator relies
on conventional algorithms, which may not fully exploit the potential performance
improvements offered by machine learning and AI techniques. As these new
techniques have shown promising results in various wireless communication contexts,
Tietoevry sees a need to investigate their applicability and effectiveness in enhancing
channel estimation within the 5G-LLS. This thesis aims to address the following
research question: Can machine learning and artificial intelligence methods be
incorporated into the channel estimation module of the 5G Link Layer Simulator
to improve its performance, and if so, what are the key factors influencing their
success?

To answer this question, this thesis’ purpose is to implement a framework for
Tietoevry in which they can easily build, test and export models to the 5G-LLS.
5G-LLS is implemented inMatlab, though Tietoevry has requested that the framework
leverages open source machine learning and AI frameworks for building the models.
Furthermore, after implementation, the exported models are evaluated and tested
against pre-implemented conventional channel estimation methods.

1.3 Thesis Objective

This thesis’ purpose is to examine the potential benefits of using machine learning
models to improve the accuracy over conventional channel estimation techniques.
Evaluation and testing is done in Tietoevry’s 5G-LLS.

2



CHAPTER 1. INTRODUCTION

1.4 Thesis Goals
The overall objective for this thesis is to implementmachine learningmodels in Python
to leverage open source machine learning frameworks and export them to Tietoevry’s
testbed running 5G-LLS for evaluation. In particular, the goals with this thesis work
are to:

1. Understand the purpose and workings of conventional channel estimation
techniques

2. Explore related work for current research in optimizing channel estimation

3. Build an Python program to train and export models to 5G-LLS simulator

4. Train, test and tune models

5. Evaluate the performance of themodels in terms of BER over SNR andMSE over
SNR.

1.5 Ethics and Sustainability
The workings of this thesis in no way affect privacy or security of user data, nor does
it introduce biases to usage scenarios and/or user groups. In terms of sustainability,
5G NR networks improves on previous generations in terms of energy efficiency,
environmental and societal impact. 5G NR has been designed with energy efficiency
in mind. On top of that, accurate channel estimation reduces the need for excessive
retransmissions and signal amplification, resulting in lower energy consumption and
increased network capacity. Lastly, an accurate channel enables a more reliable
network, essential for everything from remote surgery to smart cities[13].

1.6 Methodology
The methodology in this thesis project has been separated into different phases and
uses mixed methods.

1. Phase 1: Researching existing algorithms and approaches for channel
estimation and familiarizing with relevant 5G modules.

2. Phase 2: Finding related work to explore machine learning techniques and
identify promising results.

3. Phase 3: Implementing suitable algorithms and integrating the models into
5G-LLS simulator.

4. Phase 4: Testing and tuning the models using Tietoevry’s test-bed.

The overall methodology used in this study aims to provide a comprehensive and
rigorous analysis of the potential benefits of using machine learning for channel

3



CHAPTER 1. INTRODUCTION

estimation in 5G systems.

1.7 Stakeholders
This thesis project was offered by and is conducted under Tietoevry’s supervision.
Tietoevry sought to determine the whether utilizing machine learning techniques for
channel estimation could achieve an improved performance in terms of Bit-Error-
Rate over SNR. A positive result would enable the use of more advanced modulation
schemes, as the receiver will receive a more fine-grained signal to read from. All in all,
it enables more robust signal and more data transmitted for a given bandwidth.

1.8 Delimitations
The main focus of this project is to provide Tietoevry with an open source alternative
to test and simulate machine learning approaches to deal with channel estimation.
The work then implements a machine learning model to be compared with existing
algorithmic methods. The work should be compatible with Tietoevry’s 5G-LLS
simulator. While the simulator provides a valuable platform for conducting controlled
experiments, it is important to acknowledge that the simulation environment may not
fully replicate the complexities and nuances of a real-world communication system.
The results and conclusions drawn from this study may not directly apply to other
channelmodelswith different characteristics. Furthermore, It should be noted that the
effectiveness of the machine learning model and conventional algorithms for channel
estimation may vary for different modulation schemes, and that the results obtained
in this study are specific to the chosen modulation scheme.

1.9 Outline
This thesis is structured as follows. In Chapter 2, the necessary background
information for 5G NR, channel estimation, and machine learning is presented,
accompanied with related work in the field. Chapter 3 describes the design of the
machine learning methodology that was used to address the problem. Chapter 4
describes how the simulations were carried out along with what metrics are being
measured. Chapter 5 displays the result and presents the main findings of the work.
Lastly, chapter 6 concludes the work by providing a summary and brief discussion of
the work.
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Chapter 2

Background

This chapter aims to establish the theoretical foundation for the thesis work. It
begins with a description of 5G networks in 2.1, providing an overview of its
functioning and key components. Subsequently, 2.2 delves into the topic of channel
estimation, discussing its importance and various techniques employed in estimating
the characteristics of wireless communication channels. Finally, 2.3 offers a
background on differentmethodologies inMachine Learning andAI, highlighting their
relevance and potential application in improving channel estimation.

2.1 5G NR and Mobile Networks
The rapid evolution of mobile wireless technology has witnessed significant
advancements over the years, with each generation pushing the boundaries of
connectivity and communication. In this context, 5G NR emerges as the latest
milestone, surpassing its predecessors such as 4G LTE and 3G UMTS. Designed to
meet the escalating demands for enhanced quality in wireless communication, 5G
technology integrates various cutting-edge technologies and techniques. Multiple-
Input Multiple-Output (MIMO), mmWave communication, and the Orthogonal
Frequency DivisionMultiplexing (OFDM) technique describe a small part of a broader
set of technologies cooperating to fulfill users’ increasing requirements [1]. This
section provides an overview of the physical layer in 5G, including the downlink
physical channels and the 5GNRprocessing chain. It also highlights the significance of
accurate channel estimation and resource mapping in enabling advanced modulation
schemes and efficient resource allocation within the resource grid.

2.1.1 Physical Layer
The physical layer is responsible for transmitting and receiving data over the wireless
medium. To do so reliably and efficiently, it is required to incorporate several functions
and processes. These include modulation and demodulation, coding and decoding,
scrambling and descrambling, resource mapping, MIMO processing, synchronization,
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�‡�&�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q �D�W �S�L�O�R�W �O�R�F�D�W�L�R�Q�V

�‡�5�H�V�R�X�U�F�H �J�U�L�G �L�Q�W�H�U�S�R�O�D�W�L�R�Q �E�D�V�H�G �R�Q �W�K�H �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q

���������� �'�H�P�R�G�X�O�D�W�L�R�Q �5�H�I�H�U�H�Q�F�H �6�L�J�Q�D�O�V

�7�K�H �F�K�D�Q�Q�H�O�V�¶ �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �D�U�H �H�V�W�L�P�D�W�H�G �X�V�L�Q�J�'�0�5�6�� �D�O�V�R �N�Q�R�Z�Q �D�V �S�L�O�R�W
�V�X�E�F�D�U�U�L�H�U�V�� �D �V�L�J�Q�D�O�L�Q�J �V�H�T�X�H�Q�F�H �N�Q�R�Z�Q �W�R �W�K�H �W�U�D�Q�V�P�L�W�W�H�U �D�Q�G �U�H�F�H�L�Y�H�U�� �7�K�H �U�H�F�H�L�Y�H�U
�X�V�H�V �W�K�L�V �U�H�I�H�U�H�Q�F�H �W�R �F�R�P�S�H�Q�V�D�W�H �I�R�U �G�H�P�R�G�X�O�D�W�L�Q�J �W�K�H �V�L�J�Q�D�O �D�F�F�X�U�D�W�H�O�\�� �7�K�H�'�0�5�6
�V�\�P�E�R�O�V �H�V�W�L�P�D�W�H �W�K�H �I�U�H�T�X�H�Q�F�\ �U�H�V�S�R�Q�V�H �D�W �S�U�H�G�H�I�L�Q�H�G �O�R�F�D�W�L�R�Q�V �L�Q �W�K�H �U�H�V�R�X�U�F�H �J�U�L�G��
�(�V�W�D�E�O�L�V�K�L�Q�J �D�Q �H�V�W�L�P�D�W�H �D�F�U�R�V�V �D�O�O �S�L�O�R�W �V�X�E�F�D�U�U�L�H�U�V �P�D�N�H�V �L�W �S�R�V�V�L�E�O�H �W�R �L�Q�W�H�U�S�R�O�D�W�H
�W�K�H �F�K�D�Q�Q�H�O�¶�V �E�H�K�D�Y�L�R�U �D�W �R�W�K�H�U �W�L�P�H���I�U�H�T�X�H�Q�F�\ �O�R�F�D�W�L�R�Q�V�� �7�K�H �U�H�V�X�O�W �L�V �D �F�K�D�Q�Q�H�O
�P�D�W�U�L�[ �R�I �W�K�H �V�D�P�H �V�L�]�H �D�V �W�K�H �U�H�V�R�X�U�F�H �J�U�L�G�� �Z�K�L�F�K �L�V �X�V�H�G �W�R �H�T�X�D�O�L�]�H �W�K�H �H�I�I�H�F�W�V �R�I
�W�K�H �F�K�D�Q�Q�H�O �>���@��

�,�Q ���* �1�5 �V�\�V�W�H�P�V�� �W�K�H �S�R�V�L�W�L�R�Q�L�Q�J �R�I�'�0�5�6 �V�\�P�E�R�O�V �F�D�Q �Y�D�U�\ �E�D�V�H�G �R�Q �G�L�I�I�H�U�H�Q�W
�P�D�S�S�L�Q�J �W�\�S�H�V�� �7�K�H�V�H �P�D�S�S�L�Q�J �W�\�S�H�V�� �V�X�F�K �D�V �W�\�S�H �$�� �W�\�S�H �%�� �D�Q�G �W�\�S�H �&�� �R�I�I�H�U
�G�L�V�W�L�Q�F�W �D�G�Y�D�Q�W�D�J�H�V �L�Q �W�H�U�P�V �R�I �I�O�H�[�L�E�L�O�L�W�\�� �U�H�V�R�X�U�F�H �X�W�L�O�L�]�D�W�L�R�Q�� �D�Q�G �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q
�S�H�U�I�R�U�P�D�Q�F�H �>���@��

�$�V �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q �S�U�R�G�X�F�H�V �P�X�F�K �R�Y�H�U�K�H�D�G�� �S�L�O�R�W �V�L�J�Q�D�O�V �D�U�H �W�\�S�L�F�D�O�O�\ �Q�R�W �L�Q�V�H�U�W�H�G
�L�Q�W�R �H�Y�H�U�\ �V�X�E�F�D�U�U�L�H�U�� �,�Q�V�W�H�D�G�� �W�K�H�\ �D�U�H �L�Q�W�H�U�S�R�O�D�W�H�G �I�U�R�P �W�K�H �F�R�P�S�X�W�H�G �H�V�W�L�P�D�W�H�V �>���@��
�,�Q���*���/�/�6�� �W�\�S�H �$ �V�L�Q�J�O�H���V�\�P�E�R�O�'�0�5�6 �V�W�U�X�F�W�X�U�H �Z�L�W�K �I�R�X�U�2�)�'�0 �V�\�P�E�R�O�V �D�U�H �X�V�H�G��
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�D�V �V�K�R�Z�F�D�V�H�G �L�Q �)�L�J�X�U�H������������ �Z�K�L�F�K �S�U�R�Y�L�G�H�V �D �E�D�O�D�Q�F�H �E�H�W�Z�H�H�Q �U�H�V�R�X�U�F�H �D�O�O�R�F�D�W�L�R�Q
�D�Q�G �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H��

�)�L�J�X�U�H ������������ �'�0�5�6 �L�Q �W�K�H �5�H�V�R�X�U�F�H �*�U�L�G

���������� �7�K�H �&�K�D�Q�Q�H�O �(�V�W�L�P�D�W�L�R�Q �3�U�R�F�H�G�X�U�H

�7�K�H �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q �L�V �F�R�P�S�X�W�L�Q�J �W�K�H �H�V�W�L�P�D�W�H�V �E�D�V�H�G �R�Q �W�K�H �D�I�R�U�H�P�H�Q�W�L�R�Q�H�G
�S�L�O�R�W �V�\�P�E�R�O�V �D�Q�G �W�K�H �U�H�F�H�L�Y�H�G �H�[�W�U�D�F�W�H�G �Y�D�O�X�H�V �R�I �W�K�H �U�H�F�H�L�Y�H�G �J�U�L�G�¶�V �S�R�V�L�W�L�R�Q�V��
�7�K�L�V �F�R�P�S�X�W�D�W�L�R�Q �L�V �F�R�P�P�R�Q�O�\ �G�R�Q�H �X�V�L�Q�J �D �P�H�W�K�R�G �V�X�F�K �D�V�/�6�� �0�0�6�( �R�U
�/�0�6�6�(�>�����@�>���� �@��

�7�K�H �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q �S�U�R�F�H�V�V �F�D�Q �E�H �V�S�O�L�W �L�Q�W�R �W�K�U�H�H �V�W�H�S�V��

�‡�7�K�H �W�U�D�Q�V�P�L�W�W�H�U �D�Q�G �U�H�F�H�L�Y�H�U �G�H�W�H�U�P�L�Q�H�V�'�0�5�6 �V�H�W�X�S

�‡�7�K�H �V�X�E�I�U�D�P�H �L�V �V�H�Q�W �R�Y�H�U �W�K�H �Z�L�U�H�O�H�V�V �P�H�G�L�X�P

�‡�7�K�H �U�H�F�H�L�Y�H�U �H�[�W�U�D�F�W �W�K�H�'�0�5�6 �V�\�P�E�R�O�V �D�Q�G �S�H�U�I�R�U�P�V �W�K�H �F�D�O�F�X�O�D�W�L�R�Q �W�R �H�V�W�L�P�D�W�H
�W�K�H �F�K�D�Q�Q�H�O

�)�R�U �D �6�,�6�2 �H�Q�Y�L�U�R�Q�P�H�Q�W�� �W�K�L�V �F�R�X�O�G �E�H �G�H�V�F�U�L�E�H�G �D�V �W�K�H �F�R�U�U�H�O�D�W�L�Q�J �P�D�W�K�H�P�D�W�L�F�D�O
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�I�R�U�P�X�O�D �E�H�O�R�Z�� �Z�K�H�U�Hy �G�H�Q�R�W�H�V �W�K�H �U�H�F�H�L�Y�H�G �V�L�J�Q�D�O��x �U�H�S�U�H�V�H�Q�W�V �W�K�H �W�U�D�Q�V�P�L�W�W�H�G
�V�L�J�Q�D�O�� �D�Q�Gh �L�V �F�K�D�Q�Q�H�O �F�R�H�I�I�L�F�L�H�Q�W�V �I�R�U �W�K�H �J�L�Y�H�Q �I�U�H�T�X�H�Q�F�\f; n �G�H�Q�R�W�H�V �W�K�H �Q�R�L�V�H�� �,�Q
�W�K�L�V �F�R�Q�W�H�[�W�� �W�K�H �Q�R�L�V�H �L�V �F�R�Q�I�R�U�P�L�Q�J �W�R �W�K�H�$�G�G�L�W�L�Y�H �:�K�L�W�H �*�D�X�V�V�L�D�Q �1�R�L�V�H ���$�:�*�1 ��
�P�R�G�H�O�� �P�H�D�Q�L�Q�J �L�W �L�V �D�G�G�L�W�L�Y�H�� �W�K�H �Q�R�L�V�H �S�R�Z�H�U �L�V �H�T�X�D�O�O�\ �G�L�V�W�U�L�E�X�W�H�G �D�F�U�R�V�V �W�K�H
�I�U�H�T�X�H�Q�F�\ �G�R�P�D�L�Q �D�Q�G �*�D�X�V�V�L�D�Q �G�L�V�W�U�L�E�X�W�H�G�� �7�K�L�V �Q�R�L�V�H �P�R�G�H�O �L�V �F�R�P�P�R�Q�O�\ �X�V�H�G
�L�Q �F�R�P�P�X�Q�L�F�D�W�L�R�Q �V�\�V�W�H�P�V �W�R �D�S�S�U�R�[�L�P�D�W�H �W�K�H �V�W�D�W�L�V�W�L�F�D�O �S�U�R�S�H�U�W�L�H�V �R�I �U�H�D�O���Z�R�U�O�G
�Q�R�L�V�H�>���� �@�� �2�Q�H �F�R�P�P�R�Q �P�H�W�K�R�G �W�R �H�V�W�L�P�D�W�H �W�K�H �Q�R�L�V�H �L�V �W�R �X�V�H �W�K�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q
�W�K�H �D�F�W�X�D�O �F�K�D�Q�Q�H�O �D�Q�G �W�K�H �D�Y�H�U�D�J�H�G �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�H �>���@��

y(f ) = h(f ) � x(f ) + n ����������

�,�Q �D�0�,�0�2 �V�H�W�W�L�Q�J�� �H�D�F�K �F�K�D�Q�Q�H�O �F�R�H�I�I�L�F�L�H�Q�Whij �L�Q �W�K�H �F�K�D�Q�Q�H�O �P�D�W�U�L�[ �U�H�S�U�H�V�H�Q�W�V �H�D�F�K
�S�D�U�L�Q�J �E�H�W�Z�H�H�Q �W�U�D�Q�V�P�L�W�W�H�Ui �D�Q�G �U�H�F�H�L�Y�H�Uj �� �(�T�X�D�W�L�R�Q������ �J�L�Y�H�V �D�Q �H�[�D�P�S�O�H �I�R�U ��� ��
�0�,�0�2 �F�R�Q�I�L�J�X�U�D�W�L�R�Q��
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�$�V �W�K�H �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q �R�Q�O�\ �H�V�W�L�P�D�W�H�V �R�Y�H�U �W�K�H �S�L�O�R�W �V�X�E�F�D�U�U�L�H�U�V�� �L�Q�W�H�U�S�R�O�D�W�L�R�Q
�W�H�F�K�Q�L�T�X�H�V �D�U�H �X�W�L�O�L�]�H�G �W�R �I�L�O�O �D�Q�G �F�R�P�S�H�Q�V�D�W�H �I�R�U �W�K�H �U�H�V�W �R�I �W�K�H �J�U�L�G �>���@�� �7�K�H �U�H�F�H�L�Y�H�G
�G�D�W�D �L�V �W�K�H�Q �D�F�T�X�L�U�H�G �W�K�U�R�X�J�K�F�K�D�Q�Q�H�O �H�T�X�D�O�L�]�D�W�L�R�Q�� �Z�K�L�F�K �U�H�I�H�U�V �W�R �W�K�H �S�U�R�F�H�V�V �R�I
�X�V�L�Q�J �W�K�H �L�Q�Y�H�U�V�H �R�I �W�K�H �F�R�P�S�X�W�H�G �F�K�D�Q�Q�H�O �P�D�W�U�L�[ �D�Q�G �D�S�S�O�\�L�Q�J �L�W �W�R �W�K�H �U�H�F�H�L�Y�H�G �V�L�J�Q�D�O��
�W�K�H�U�H�E�\ �F�R�P�S�H�Q�V�D�W�L�Q�J �I�R�U �W�K�H �F�K�D�Q�Q�H�O�¶�V �G�L�V�W�R�U�W�L�R�Q�� �D�W�W�H�Q�X�D�W�L�R�Q�� �D�Q�G �G�H�O�D�\ �>���� �@��

�,�Q �D�0�,�0�2� �2�)�'�0 �V�H�W�W�L�Q�J�� �W�K�H �S�U�L�Q�F�L�S�O�H �U�H�P�D�L�Q�V �W�K�H �V�D�P�H�� �K�R�Z�H�Y�H�U�� �W�K�H �S�U�R�F�H�G�X�U�H
�P�X�V�W �E�H �D�S�S�O�L�H�G �W�R �H�D�F�K �V�X�E�F�D�U�U�L�H�U���2�)�'�0 ���V�\�P�E�R�O �D�Q�G �U�H�F�H�L�Y�L�Q�J �D�Q�W�H�Q�Q�D �V�H�S�D�U�D�W�H�O�\��
�Z�K�H�U�H �H�D�F�K �U�H�F�H�L�Y�L�Q�J �D�Q�W�H�Q�Q�D �H�[�S�H�U�L�H�Q�F�H�V �D �V�X�S�H�U�S�R�V�H�G �V�L�J�Q�D�O �F�R�Q�V�L�V�W�L�Q�J �R�I �V�L�J�Q�D�O�V
�I�U�R�P �D�O�O �W�U�D�Q�V�P�L�W�W�L�Q�J �D�Q�W�H�Q�Q�D�V�� �U�H�V�X�O�W�L�Q�J �L�Q �D �K�L�J�K�H�U �F�R�P�S�O�H�[�L�W�\ �>���@��

�������������� �7�U�D�G�L�W�L�R�Q�D�O �&�K�D�Q�Q�H�O �(�V�W�L�P�D�W�L�R�Q �0�H�W�K�R�G�V

�7�K�H �I�R�O�O�R�Z�L�Q�J �V�X�E�V�H�F�W�L�R�Q�V �E�U�L�H�I�O�\ �H�[�S�O�D�L�Q �W�K�H �W�K�U�H�H �W�U�D�G�L�W�L�R�Q�D�O �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q
�D�O�J�R�U�L�W�K�P�V �W�K�D�W �W�K�H�&�R�Q�Y�R�O�X�W�L�R�Q�D�O �1�H�X�U�D�O �1�H�W�Z�R�U�N�V ���&�1�1�� �L�V �P�H�D�V�X�U�H�G �D�J�D�L�Q�V�W �L�Q
�&�K�D�S�W�H�U���� �$�V �D�Q �L�Q���G�H�S�W�K �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �W�K�H �P�D�W�K�H�P�D�W�L�F�D�O �I�R�X�Q�G�D�W�L�R�Q�V �E�H�K�L�Q�G
�W�K�H�V�H �D�O�J�R�U�L�W�K�P�V �L�V �Q�R�W �W�K�H �F�H�Q�W�U�D�O �I�R�F�X�V�� �W�K�H�\ �Z�L�O�O �Q�R�W �E�H �W�K�R�U�R�X�J�K�O�\ �H�[�S�O�D�L�Q�H�G�� �7�K�H�\
�D�U�H �S�U�H�V�H�Q�W�H�G �E�X�W �Q�R�W �G�H�U�L�Y�H�G�� �7�K�L�V �L�V �S�U�H�V�H�Q�W �L�Q �H�D�F�K �U�H�I�H�U�H�Q�F�H��

�/�H�D�V�W �6�T�X�D�U�H�V

�7�K�H�/�6 �H�V�W�L�P�D�W�L�R�Q �L�V �W�K�H �U�D�W�L�R �E�H�W�Z�H�H�Q �W�K�H �U�H�F�H�L�Y�H�G �D�Q�G �W�U�D�Q�V�P�L�W�W�H�G �S�L�O�R�W �V�L�J�Q�D�O�V��
�&�R�P�S�X�W�D�W�L�R�Q�D�O�O�\ �L�W �L�V �W�K�H �H�O�H�P�H�Q�W���Z�L�V�H �G�L�Y�L�V�L�R�Q �R�I �H�D�F�K�'�0�5�6 �H�O�H�P�H�Q�W�� �7�K�H �/�6 �P�H�W�K�R�G
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h�/�6;i;k =
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x i ; k

; 8i = 1; 2; : : : ; N ����������

�,�W �K�D�V �O�R�Z �F�R�P�S�X�W�D�W�L�R�Q�D�O �F�R�P�S�O�H�[�L�W�\ �E�X�W �G�R�H�V �Q�R�W �S�H�U�I�R�U�P �Z�H�O�O �L�Q �Q�R�L�V�\ �H�Q�Y�L�U�R�Q�P�H�Q�W�V
�D�V �L�W �G�R�H�V �Q�R�W �F�R�Q�V�L�G�H�U �Q�R�L�V�H �V�W�D�W�L�V�W�L�F�V���/�6�L�V �V�X�L�W�D�E�O�H �I�R�U �V�F�H�Q�D�U�L�R�V �Z�L�W�K �D �J�R�R�G �V�L�J�Q�D�O���W�R��
�Q�R�L�V�H �U�D�W�L�R ���6�1�5�� �D�Q�G �O�R�Z �V�\�V�W�H�P �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �F�R�P�S�O�H�[�L�W�\ �U�H�T�X�L�U�H�P�H�Q�W�V �>�����@��

�0�L�Q�L�P�X�P �0�H�D�Q �6�T�X�D�U�H �(�U�U�R�U

�7�K�H �0�0�6�( �H�V�W�L�P�D�W�H �R�I �W�K�H �F�K�D�Q�Q�H�O �P�D�W�U�L�[H �L�V �J�L�Y�H�Q �E�\��
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�:�K�H�U�HP �L�V �W�K�H �S�R�Z�H�U �D�Q�GI �L�V �W�K�H �L�G�H�Q�W�L�W�\ �P�D�W�U�L�[��

�:�K�L�F�K �F�D�Q �E�H �G�H�U�L�Y�H�G �I�U�R�P �W�K�He = X̂ � X = WY � X �� �Z�K�H�U�HW �L�V �W�K�H �:�H�L�J�K�W �0�D�W�U�L�[��
�D�Q �H�V�V�H�Q�W�L�D�O �S�D�U�D�P�H�W�H�U �Q�H�H�G�H�G �W�R �G�H�W�H�U�P�L�Q�H �W�K�H�0�0�6�( �D�Q�G �1 �L�V �W�K�H �*�D�X�V�V�L�D�Q �D�G�G�L�W�L�Y�H
�F�K�D�Q�Q�H�O �Q�R�L�V�H �� �J�L�Y�H�Q �W�K�D�W �W�K�H�U�H �L�V �Q�R �F�R�U�U�H�O�D�W�L�R�Q �E�H�W�Z�H�H�Q �Q�H�L�W�K�H�U �W�K�H �W�U�D�Q�V�P�L�W�W�H�G �G�D�W�D��
�U�H�F�H�L�Y�H�G �G�D�W�D �D�Q�G �W�K�H �Q�R�L�V�H��H �L�V �W�K�H �F�K�D�Q�Q�H�O �P�D�W�U�L�[ �D�V �G�H�W�H�U�P�L�Q�H�G �E�\ �W�K�H �U�H�I�H�U�H�Q�F�H
�V�L�J�Q�D�O�V�� �7�K�H �I�X�O�O �G�H�U�L�Y�D�W�L�R�Q �L�V �V�K�R�Z�H�G �L�Q �G�H�W�D�L�O �L�Q �>���� �@��

�7�K�H�0�0�6�( �P�H�W�K�R�G �L�V �D�Q �H�I�I�H�F�W�L�Y�H �D�S�S�U�R�D�F�K �I�R�U �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q �L�Q �Q�R�L�V�\
�H�Q�Y�L�U�R�Q�P�H�Q�W�V �D�V �L�W �P�L�Q�L�P�L�]�H�V �W�K�H �P�H�D�Q �V�T�X�D�U�H �H�U�U�R�U �E�H�W�Z�H�H�Q �W�K�H �U�H�F�H�L�Y�H�G �V�L�J�Q�D�O
�D�Q�G �W�K�H �H�V�W�L�P�D�W�H�G �F�K�D�Q�Q�H�O �U�H�V�S�R�Q�V�H�� �&�R�P�S�D�U�H�G �W�R �W�K�H�/�6 �P�H�W�K�R�G���0�0�6�( �J�H�Q�H�U�D�O�O�\
�S�U�R�Y�L�G�H�V �E�H�W�W�H�U �S�H�U�I�R�U�P�D�Q�F�H�� �+�R�Z�H�Y�H�U�� �L�W �U�H�O�L�H�V �R�Q �N�Q�R�Z�O�H�G�J�H �R�I �W�K�H �Q�R�L�V�H �Y�D�U�L�D�Q�F�H �D�Q�G
�F�K�D�Q�Q�H�O �V�W�D�W�L�V�W�L�F�V�� �Z�K�L�F�K �F�D�Q �E�H �G�L�I�I�L�F�X�O�W �W�R �R�E�W�D�L�Q �L�Q �S�U�D�F�W�L�F�D�O �V�F�H�Q�D�U�L�R�V�� �7�K�H�U�H�I�R�U�H�� �W�K�H
�0�0�6�( �P�H�W�K�R�G �L�V �P�R�V�W �V�X�L�W�D�E�O�H �I�R�U �V�L�W�X�D�W�L�R�Q�V �Z�L�W�K �P�R�G�H�U�D�W�H �W�R �K�L�J�K �Q�R�L�V�H �O�H�Y�H�O�V �D�Q�G
�Z�K�H�Q �U�H�O�L�D�E�O�H �H�V�W�L�P�D�W�H�V �R�I �F�K�D�Q�Q�H�O �V�W�D�W�L�V�W�L�F�V �D�U�H �D�Y�D�L�O�D�E�O�H �R�U �F�D�Q �E�H �R�E�W�D�L�Q�H�G �>�����@��

�/�L�Q�H�D�U �0�L�Q�L�P�X�P �0�H�D�Q �6�T�X�D�U�H �(�U�U�R�U

�7�K�H �/�0�0�6�( �H�V�W�L�P�D�W�H �L�V �J�L�Y�H�Q �E�\��
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�Z�K�H�U�H� �L�V �F�R�Q�V�W�D�Q�W �G�H�S�H�Q�G�H�Q�W �R�Q �W�K�H �W�U�D�Q�V�P�L�W�W�H�G �G�D�W�D��

� =
E(jx2j)

E(j1/ x2j2)

�7�K�H �D�O�J�R�U�L�W�K�P �L�V �V�L�P�S�O�L�I�L�H�G �/�L�Q�H�D�U �0�L�Q�L�P�X�P �0�H�D�Q �6�T�X�D�U�H�G �(�U�U�R�U ���/�0�0�6�(�� �H�V�W�L�P�D�W�R�U
�I�R�U �F�K�D�Q�Q�H�O �F�R�H�I�I�L�F�L�H�Q�W �H�V�W�L�P�D�W�L�R�Q�� �7�K�L�V �H�V�W�L�P�D�W�R�U �D�V�V�X�P�H�V �W�K�D�W �W�Z�R �S�D�U�D�P�H�W�H�U�V��Rhh ��
���D�X�W�R���F�R�U�U�H�O�D�W�L�R�Q �P�D�W�U�L�[ �R�I �F�K�D�Q�Q�H�O �F�R�H�I�I�L�F�L�H�Q�W�V�� �D�Q�G �1 ���Q�R�L�V�H �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q���� �D�U�H
�N�Q�R�Z�Q �D�W �W�K�H �U�H�F�H�L�Y�H�U�¶�V �V�L�G�H�>���� �@��
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�,�Q �/�0�0�6�( �H�V�W�L�P�D�W�L�R�Q�� �W�K�H �D�V�V�X�P�S�W�L�R�Q �R�I �O�L�Q�H�D�U�L�W�\ �V�L�P�S�O�L�I�L�H�V �W�K�H �D�O�J�R�U�L�W�K�P �F�R�P�S�D�U�H�G
�W�R �W�K�H �J�H�Q�H�U�D�O �0�0�6�( �D�S�S�U�R�D�F�K�� �7�K�L�V �L�V �D�O�O�R�Z�L�Q�J �I�R�U �V�L�P�S�O�L�I�L�F�D�W�L�R�Q�V �L�Q �W�K�H �H�V�W�L�P�D�W�L�R�Q
�D�O�J�R�U�L�W�K�P�� �D�Q�G �W�K�D�W �/�0�0�6�( �F�D�Q �S�U�R�Y�L�G�H �J�R�R�G �S�H�U�I�R�U�P�D�Q�F�H �L�Q �V�F�H�Q�D�U�L�R�V �Z�K�H�U�H �W�K�H
�F�K�D�Q�Q�H�O �� �W�K�H �U�H�O�D�W�L�R�Q�V�K�L�S �E�H�W�Z�H�H�Q �W�K�H �W�U�D�Q�V�P�L�W�W�H�G �V�L�J�Q�D�O �D�Q�G �W�K�H �U�H�F�H�L�Y�H�G �V�L�J�Q�D�O �� �F�D�Q
�E�H �U�H�D�V�R�Q�D�E�O�\ �D�S�S�U�R�[�L�P�D�W�H�G �D�V �O�L�Q�H�D�U�� �,�W �L�V �W�K�H �E�H�V�W���S�H�U�I�R�U�P�L�Q�J �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q
�D�O�J�R�U�L�W�K�P �Z�L�W�K�L�Q���*���/�/�6 �I�R�U �W�K�H �F�K�D�Q�Q�H�O�V �F�R�Q�F�H�U�Q�H�G �L�Q �W�K�L�V �W�K�H�V�L�V��

���������� �&�K�D�Q�Q�H�O �0�R�G�H�O�V

�$ �F�K�D�Q�Q�H�O �P�R�G�H�O �G�H�V�F�U�L�E�H�V �W�K�H �H�Q�Y�L�U�R�Q�P�H�Q�W �W�K�H �Z�L�U�H�O�H�V�V �V�L�J�Q�D�O �K�D�V �W�R �W�U�D�Y�H�U�V�H
�D�Q�G �W�K�H �R�E�V�W�D�F�O�H�V �L�W �K�D�V �W�R �R�Y�H�U�F�R�P�H�� �,�W �L�V �D �P�D�W�K�H�P�D�W�L�F�D�O �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �L�P�S�D�F�W �R�Q �W�K�H �V�L�J�Q�D�O�� �0�X�O�W�L���S�D�W�K �V�L�J�Q�D�O�V�� �I�D�G�L�Q�J �D�Q�G �V�K�D�G�R�Z�L�Q�J�� �D�Q�G
�U�H�O�D�W�L�Y�H �P�R�Y�H�P�H�Q�W �R�I �W�K�H �U�H�F�H�L�Y�L�Q�J �G�H�Y�L�F�H �D�U�H �D �I�H�Z �H�[�D�P�S�O�H�V �W�K�D�W �F�D�Q �E�H �G�H�W�H�U�P�L�Q�H�G
�X�V�L�Q�J �G�L�I�I�H�U�H�Q�W �F�K�D�Q�Q�H�O �P�R�G�H�O�V �>�����@�� �,�Q �)�L�J�X�U�H������������ �W�K�H �F�K�D�Q�Q�H�O �P�R�G�H�O �L�V �G�H�S�H�Q�G�L�Q�J
�R�Q �W�K�H �Z�L�U�H�O�H�V�V �P�H�G�L�X�P�� �V�H�S�D�U�D�W�L�Q�J �W�K�H �W�U�D�Q�V�P�L�W�W�H�U �D�Q�G �U�H�F�H�L�Y�H�U��

������ �0�D�F�K�L�Q�H �/�H�D�U�Q�L�Q�J

�7�K�L�V �V�X�E�V�H�F�W�L�R�Q �S�U�R�Y�L�G�H�V �D�Q �L�Q�W�U�R�G�X�F�W�L�R�Q �W�R �W�K�H �F�R�Q�F�H�S�W �R�I �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J�� �K�R�Z �L�W
�G�L�I�I�H�U�V �I�U�R�P�$�,�� �D�Q�G �R�I�I�H�U�V �D �E�U�L�H�I �H�[�S�O�D�Q�D�W�L�R�Q �R�I �L�W�V �I�X�Q�G�D�P�H�Q�W�D�O �S�U�L�Q�F�L�S�O�H�V�� �,�W �I�X�U�W�K�H�U
�G�H�O�Y�H�V �L�Q�W�R �W�K�H �I�L�H�O�G �R�I �G�H�H�S �O�H�D�U�Q�L�Q�J�� �Z�L�W�K �D �S�D�U�W�L�F�X�O�D�U �I�R�F�X�V �R�Q�&�1�1�Z�K�L�F�K �V�H�U�Y�H�V �D�V
�W�K�H �F�H�Q�W�U�D�O �W�K�H�P�H �R�I �W�K�L�V �W�K�H�V�L�V��

���������� �0�/ �D�Q�G �$�, �2�Y�H�U�Y�L�H�Z

�$�, �U�H�I�H�U�V �W�R �W�K�H �I�L�H�O�G �R�I �V�W�X�G�\ �D�Q�G �G�H�Y�H�O�R�S�P�H�Q�W �R�I �P�D�F�K�L�Q�H�V �W�K�D�W �F�D�Q �O�H�D�U�Q�� �U�H�D�V�R�Q��
�D�Q�G �V�R�O�Y�H �S�U�R�E�O�H�P�V �E�\ �P�L�P�L�F�N�L�Q�J �K�X�P�D�Q �F�R�J�Q�L�W�L�Y�H �D�E�L�O�L�W�L�H�V�� �,�W �L�V �D �E�U�R�D�G �V�X�E�M�H�F�W
�L�Q�F�R�U�S�R�U�D�W�L�Q�J �P�D�Q�\ �G�L�V�F�L�S�O�L�Q�H�V�� �L�Q�F�O�X�G�L�Q�J �F�R�P�S�X�W�H�U �V�F�L�H�Q�F�H�� �V�W�D�W�L�V�W�L�F�V�� �P�D�W�K�H�P�D�W�L�F�V��
�H�Q�J�L�Q�H�H�U�L�Q�J�� �O�L�Q�J�X�L�V�W�L�F�V�� �Q�H�X�U�R�V�F�L�H�Q�F�H�� �D�Q�G �S�K�L�O�R�V�R�S�K�\ �>�����������@�� �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �L�V �D
�V�X�E�V�H�W �R�I�$�,�W�K�D�W �U�H�I�H�U�V �W�R �W�K�H �D�E�L�O�L�W�\ �W�R �O�H�D�U�Q �D�Q�G �L�P�S�U�R�Y�H �E�D�V�H�G �R�Q �H�[�S�H�U�L�H�Q�F�H �L�Q �W�K�H
�V�K�D�S�H �R�I �G�D�W�D�� �,�Q �F�R�Q�W�U�D�V�W �W�R �D�Q �D�O�J�R�U�L�W�K�P �G�H�Y�H�O�R�S�H�G �W�R �D�G�G�U�H�V�V �D �S�D�U�W�L�F�X�O�D�U �S�U�R�E�O�H�P��
�D �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �P�R�G�H�O �L�V �D �P�D�W�K�H�P�D�W�L�F�D�O �I�X�Q�F�W�L�R�Q �W�K�D�W �K�D�V �O�H�D�U�Q�H�G �W�K�H �S�D�W�W�H�U�Q�V �R�I
�V�S�H�F�L�I�L�F �G�D�W�D �W�R �F�R�Q�V�W�U�X�F�W �D �U�H�V�X�O�W�� �7�K�H �P�R�G�H�O �L�V �D �I�X�Q�F�W�L�R�Q �W�K�D�W �W�D�N�H�V �L�Q�S�X�W �D�Q�G �F�U�H�D�W�H�V
�R�X�W�S�X�W�� �L���H���� �S�U�H�G�L�F�W�L�R�Q�V�� �7�K�H �P�R�G�H�O �W�\�S�H �G�H�S�H�Q�G�V �R�Q �W�K�H �S�U�R�E�O�H�P �D�Q�G �W�K�H �G�D�W�D �E�H�L�Q�J
�X�V�H�G�� �)�L�J�X�U�H�����������V�K�R�Z�F�D�V�H�V �W�K�H �E�U�R�D�G�H�U �F�R�Q�W�H�[�W �R�I �'�H�H�S �/�H�D�U�Q�L�Q�J �Z�L�W�K�L�Q �P�D�F�K�L�Q�H
�O�H�D�U�Q�L�Q�J�� �D�Q�G �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �Z�L�W�K�L�Q �W�K�H �U�H�D�O�P �R�I �$�,��

�7�K�H �O�H�D�U�Q�L�Q�J �S�U�R�F�H�V�V �R�I �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �L�V �W�K�H �S�U�R�F�H�V�V �R�I �F�U�H�D�W�L�Q�J �D �P�R�G�H�O �D�Q�G �F�D�Q �E�H
�E�U�R�D�G�O�\ �F�D�W�H�J�R�U�L�]�H�G �L�Q�W�R �W�K�U�H�H �N�L�Q�G�V �R�I �O�H�D�U�Q�L�Q�J �P�R�G�H�O�V�� �Q�D�P�H�O�\��

�‡�6�X�S�H�U�Y�L�V�H�G �O�H�D�U�Q�L�Q�J��

�‡�8�Q�V�X�S�H�U�Y�L�V�H�G �O�H�D�U�Q�L�Q�J��

�‡�5�H�L�Q�I�R�U�F�H�P�H�Q�W �O�H�D�U�Q�L�Q�J��
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�)�L�J�X�U�H ������������ �5�H�O�D�W�L�R�Q�V�K�L�S �E�H�W�Z�H�H�Q �$�,�� �0�/ �D�Q�G �'�/�� �5�H�P�R�G�H�O�H�G �I�U�R�P �>���@

�7�K�H �P�R�G�H�O �L�V �W�U�D�L�Q�H�G �X�V�L�Q�J �O�D�E�H�O�H�G �G�D�W�D �L�Q�6�X�S�H�U�Y�L�V�H�G �/�H�D�U�Q�L�Q�J�� �Z�K�L�F�K �P�H�D�Q�V �H�D�F�K
�L�Q�S�X�W �K�D�V �D �S�U�H���G�H�W�H�U�P�L�Q�H�G �R�X�W�S�X�W �L�Q �W�K�H �G�D�W�D�V�H�W�� �6�R�P�H �F�R�P�P�R�Q �D�O�J�R�U�L�W�K�P�V �D�U�H �/�L�Q�H�D�U
�5�H�J�U�H�V�V�L�R�Q�� �'�H�F�L�V�L�R�Q �7�U�H�H�V�� �6�X�S�S�R�U�W �9�H�F�W�R�U �0�D�F�K�L�Q�H�V �>���� �@ �D�Q�G�(�[�W�U�H�P�H �/�H�D�U�Q�L�Q�J
�0�D�F�K�L�Q�H ���(�/�0 �� �>���� �@��

�,�Q�8�Q�V�X�S�H�U�Y�L�V�H�G �/�H�D�U�Q�L�Q�J�� �W�K�H�U�H �D�U�H �Q�R �O�D�E�H�O�V �R�Q �W�K�H �L�Q�S�X�W �G�D�W�D�� �L�W �G�R�H�V �Q�R�W �E�H�O�R�Q�J �W�R
�D �S�U�H�G�H�I�L�Q�H�G �F�D�W�H�J�R�U�\ �D�Q�G �L�V �Q�R�W �N�Q�R�Z�Q �X�S�R�Q �L�Q�L�W�L�D�O�L�]�D�W�L�R�Q�� �:�K�L�O�H �6�X�S�H�U�Y�L�V�H�G �O�H�D�U�Q�L�Q�J
�X�V�H�V �W�K�H �G�D�W�D �W�R �F�R�Q�V�W�U�X�F�W �D �P�R�G�H�O �X�V�L�Q�J �W�K�H �O�D�E�H�O�V �D�V �J�X�L�G�H�O�L�Q�H�V�� �X�Q�V�X�S�H�U�Y�L�V�H�G �E�X�L�O�G�V
�W�K�H �P�R�G�H�O �I�U�R�P �W�K�H �G�D�W�D �G�L�U�H�F�W�O�\�� �6�R�P�H �F�R�P�P�R�Q �D�O�J�R�U�L�W�K�P�V �D�U�H �.���P�H�D�Q�V �F�O�X�V�W�H�U�L�Q�J��
�3�U�L�Q�F�L�S�D�O �F�R�P�S�R�Q�H�Q�W �D�Q�D�O�\�V�L�V ���3�&�$���>�����@��

�5�H�L�Q�I�R�U�F�H�P�H�Q�W �/�H�D�U�Q�L�Q�J�L�V �D �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �P�R�G�H�O �Z�K�H�U�H �W�K�H �P�R�G�H�O �L�V �E�X�L�O�W �W�K�U�R�X�J�K
�W�U�L�D�O �D�Q�G �H�U�U�R�U�� �$�Q �´�D�J�H�Q�W�´ �L�V �G�H�I�L�Q�H�G �Z�K�L�F�K �L�V �W�R �S�H�U�I�R�U�P �D �W�D�V�N�� �$ �U�H�Z�D�U�G �I�X�Q�F�W�L�R�Q
�J�L�Y�H�V �W�K�H �D�J�H�Q�W �S�R�V�L�W�L�Y�H �R�U �Q�H�J�D�W�L�Y�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�F�F�R�U�G�L�Q�J �W�R �L�W�V �S�H�U�I�R�U�P�D�Q�F�H�� �7�K�H
�D�J�H�Q�W �D�F�F�R�X�Q�W�V �I�R�U �W�K�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �X�S�R�Q �U�H�W�D�N�L�Q�J �W�K�H �W�D�V�N �D�Q�G �L�V �S�O�D�F�H�G �L�Q �D �O�R�R�S
�Z�K�L�O�H �W�U�\�L�Q�J �W�R �V�D�W�L�V�I�\ �W�K�H �U�H�Z�D�U�G �I�X�Q�F�W�L�R�Q�� �6�R�P�H �F�R�P�P�R�Q �D�O�J�R�U�L�W�K�P�V �D�U�H �4���O�H�D�U�Q�L�Q�J
�D�Q�G �'�H�H�S �4���Q�H�W�Z�R�U�N�V �>�����@�>�����@��

�$�O�W�K�R�X�J�K �D�O�O �P�H�W�K�R�G�V �V�K�D�U�H �W�K�H �J�R�D�O �R�I �O�H�D�U�Q�L�Q�J �I�U�R�P �G�D�W�D �W�R �P�D�N�H �S�U�H�G�L�F�W�L�R�Q�V��
�W�K�H �O�H�D�U�Q�L�Q�J �S�U�R�F�H�V�V �G�L�I�I�H�U�V �D�F�U�R�V�V �F�D�W�H�J�R�U�L�H�V�� �H�P�S�O�R�\�L�Q�J �G�L�V�W�L�Q�F�W �D�S�S�U�R�D�F�K�H�V �D�Q�G
�X�Q�G�H�U�O�\�L�Q�J �D�O�J�R�U�L�W�K�P�V�� �$ �Y�H�U�V�D�W�L�O�H �D�S�S�U�R�D�F�K �W�K�D�W �F�D�Q �E�H �H�P�S�O�R�\�H�G �Z�L�W�K�L�Q �H�D�F�K �O�H�D�U�Q�L�Q�J
�P�H�W�K�R�G �L�V �W�K�H �X�W�L�O�L�]�D�W�L�R�Q �R�I �1�H�X�U�D�O �1�H�W�Z�R�U�N�V��

���������� �1�H�X�U�D�O �1�H�W�Z�R�U�N�V

�1�H�X�U�D�O �Q�H�W�Z�R�U�N�V �D�U�H �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �P�R�G�H�O�V �L�Q�V�S�L�U�H�G �E�\ �W�K�H �V�W�U�X�F�W�X�U�H �D�Q�G �I�X�Q�F�W�L�R�Q
�R�I �E�L�R�O�R�J�L�F�D�O �Q�H�X�U�D�O �Q�H�W�Z�R�U�N�V �L�Q �W�K�H �K�X�P�D�Q �E�U�D�L�Q�� �$ �V�L�P�S�O�H �Q�H�X�U�D�O �Q�H�W�Z�R�U�N �F�R�Q�V�L�V�W�V
�R�I �W�K�U�H�H �O�D�\�H�U�V�� �D�Q �L�Q�S�X�W �O�D�\�H�U�� �D �K�L�G�G�H�Q �O�D�\�H�U�� �D�Q�G �D�Q �R�X�W�S�X�W �O�D�\�H�U�� �7�K�H �L�Q�S�X�W �O�D�\�H�U
�W�D�N�H�V �W�K�H �G�D�W�D �I�R�U�Z�D�U�G �W�R �W�K�H �I�L�U�V�W �K�L�G�G�H�Q �O�D�\�H�U�� �7�K�H �K�L�G�G�H�Q �O�D�\�H�U�V �W�D�N�H �L�Q�S�X�W �I�U�R�P
�S�U�H�Y�L�R�X�V �O�D�\�H�U�V �E�D�V�H�G �R�Q �W�K�H �Z�H�L�J�K�W �D�Q�G �E�L�D�V �D�Q�G �S�H�U�I�R�U�P �D�F�W�L�Y�D�W�L�R�Q �F�R�P�S�X�W�D�W�L�R�Q�V �R�Q
�W�K�H �G�D�W�D �W�R �H�Q�D�E�O�H �Q�R�Q���O�L�Q�H�D�U �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�V �E�H�I�R�U�H �S�D�V�V�L�Q�J �L�W �R�Q �W�R �D�Q�R�W�K�H�U �K�L�G�G�H�Q
�O�D�\�H�U �R�U �W�K�H �R�X�W�S�X�W �O�D�\�H�U�� �7�K�H �R�X�W�S�X�W �O�D�\�H�U �S�U�R�G�X�F�H�V �W�K�H �S�U�H�G�L�F�W�L�R�Q�� �$�O�O �Q�R�G�H�V�� �R�U
�Q�H�X�U�R�Q�V�� �Z�L�W�K�L�Q �D �Q�H�X�U�D�O �Q�H�W�Z�R�U�N �D�U�H �F�R�Q�Q�H�F�W�H�G �W�R �H�D�F�K �Q�H�X�U�R�Q �L�Q �W�K�H �Q�H�[�W �O�D�\�H�U�� �(�D�F�K
�Q�H�X�U�R�Q �U�H�F�H�L�Y�H�V �L�Q�S�X�W�V �I�U�R�P �P�X�O�W�L�S�O�H �Q�H�X�U�R�Q�V �D�Q�G �F�D�O�F�X�O�D�W�H�V �D�Q �R�X�W�S�X�W �Y�D�O�X�H �X�V�L�Q�J �D�Q
�D�F�W�L�Y�D�W�L�R�Q �I�X�Q�F�W�L�R�Q �R�Q �D �Z�H�L�J�K�W�H�G �V�X�P �R�I �L�W�V �L�Q�S�X�W�V�� �(�D�F�K �Q�H�X�U�R�Q���W�R���Q�H�X�U�R�Q �F�R�Q�Q�H�F�W�L�R�Q
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�K�D�V �D �Z�H�L�J�K�W �D�Q�G �E�L�D�V �D�W�W�D�F�K�H�G �W�R �L�W�� �D�Q�G �W�K�H �J�R�D�O �R�I �W�K�H �O�H�D�U�Q�L�Q�J �S�U�R�F�H�V�V �L�V �W�R �D�G�M�X�V�W �W�K�H
�Z�H�L�J�K�W �R�I �H�Y�H�U�\ �Q�H�X�U�R�Q �S�D�L�U �W�R �P�L�Q�L�P�L�]�H �D �F�R�V�W �I�X�Q�F�W�L�R�Q�� �:�K�H�Q �W�K�H �F�R�V�W �I�X�Q�F�W�L�R�Q �K�D�V
�F�R�Q�Y�H�U�J�H�G�� �W�K�H �P�R�G�H�O �L�V �G�H�H�P�H�G �F�R�P�S�O�H�W�H��

�)�L�J�X�U�H ������������ �6�L�P�S�O�H �1�H�X�U�D�O �1�H�W�Z�R�U�N

�(�D�F�K �Q�H�X�U�R�Q �S�D�V�W �W�K�H �L�Q�S�X�W �O�D�\�H�U �K�D�V �D�Q �D�F�W�L�Y�D�W�L�R�Q �I�X�Q�F�W�L�R�Q �D�S�S�O�L�H�G �W�R �W�K�H �L�Q�S�X�W �G�D�W�D
�D�V �L�W �S�D�V�V�H�V�� �,�W �L�V �W�K�L�V �D�F�W�L�Y�D�W�L�R�Q �I�X�Q�F�W�L�R�Q �W�K�D�W �L�Q�W�U�R�G�X�F�H�V �W�K�H �Q�R�Q���O�L�Q�H�D�U�L�W�\�� �:�L�W�K�R�X�W �L�W��
�W�K�H �R�X�W�S�X�W �R�I �D �Q�H�X�U�R�Q �Z�R�X�O�G �R�Q�O�\ �E�H �D �O�L�Q�H�D�U �F�R�P�E�L�Q�D�W�L�R�Q �R�I �W�K�H �L�Q�S�X�W �G�D�W�D��

�2�Q�F�H �G�D�W�D �K�D�V �S�D�V�V�H�G �W�K�U�R�X�J�K �W�K�H �Q�H�X�U�D�O �Q�H�W�Z�R�U�N�V�� �L�W �R�X�W�S�X�W�V �D �U�H�V�X�O�W �X�V�H�G �W�R �F�D�O�F�X�O�D�W�H
�W�K�H �F�R�V�W �I�X�Q�F�W�L�R�Q�� �Z�K�L�F�K �P�H�D�V�X�U�H�V �W�K�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �S�U�H�G�L�F�W�H�G �R�X�W�S�X�W �D�Q�G �W�K�H
�D�F�W�X�D�O �R�X�W�S�X�W�� �7�K�H �P�H�D�V�X�U�H �F�D�O�F�X�O�D�W�H�V �K�R�Z �Z�H�O�O �W�K�H �P�R�G�H�O �S�H�U�I�R�U�P�V �D�Q�G �L�V �X�S�G�D�W�H�G
�Z�L�W�K �H�D�F�K �W�U�D�L�Q�L�Q�J �L�W�H�U�D�W�L�R�Q��

�%�D�F�N�S�U�R�S�D�J�D�W�L�R�Q �L�V �W�K�H �S�U�R�F�H�V�V �R�I �F�D�O�F�X�O�D�W�L�Q�J �W�K�H �J�U�D�G�L�H�Q�W�V �R�I �W�K�H �F�R�V�W �I�X�Q�F�W�L�R�Q
�F�R�Q�F�H�U�Q�L�Q�J �W�K�H �Z�H�L�J�K�W�V �D�Q�G �E�L�D�V�H�V �R�I �W�K�H �1�H�X�U�D�O �1�H�W�Z�R�U�N�� �2�Q�F�H �W�K�H �F�R�V�W �I�X�Q�F�W�L�R�Q
�K�D�V �E�H�H�Q �F�D�O�F�X�O�D�W�H�G�� �W�K�H �E�D�F�N�S�U�R�S�D�J�D�W�L�R�Q �E�H�J�L�Q�V�� �7�K�H �E�D�F�N�S�U�R�S�D�J�D�W�L�R�Q �X�V�H�V �D�Q
�R�S�W�L�P�L�]�D�W�L�R�Q �D�O�J�R�U�L�W�K�P�� �V�X�F�K �D�V�6�W�R�F�K�D�V�W�L�F �*�U�D�G�L�H�Q�W �'�H�V�F�H�Q�W ���6�*�' �� �R�U �W�K�H�$�G�D�P
�D�O�J�R�U�L�W�K�P�� �W�R �X�S�G�D�W�H �W�K�H �Z�H�L�J�K�W�V �L�Q �I�D�Y�R�U �R�I �W�K�H �F�R�V�W �I�X�Q�F�W�L�R�Q �>���������� �@��

���������� �'�H�H�S �/�H�D�U�Q�L�Q�J

�'�H�H�S �O�H�D�U�Q�L�Q�J �L�V �D �V�X�E�V�H�W �R�I �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �W�K�D�W �X�V�H�V �O�D�\�H�U�H�G �Q�H�X�U�D�O �Q�H�W�Z�R�U�N�V �W�R �O�H�D�U�Q
�F�R�P�S�O�H�[ �S�D�W�W�H�U�Q�V �D�Q�G �U�H�O�D�W�L�R�Q�V�K�L�S�V �L�Q �G�D�W�D�� �7�K�H �´�G�H�H�S�´ �U�H�I�H�U�V �W�R �W�K�H �P�X�O�W�L�S�O�H �O�D�\�H�U�V�� �,�W
�K�D�V �E�H�H�Q �V�X�F�F�H�V�V�I�X�O�O�\ �D�S�S�O�L�H�G �W�R �Y�D�U�L�R�X�V �Z�L�U�H�O�H�V�V �F�R�P�P�X�Q�L�F�D�W�L�R�Q �S�U�R�E�O�H�P�V�� �L�Q�F�O�X�G�L�Q�J
�F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q�� �V�L�J�Q�D�O �G�H�W�H�F�W�L�R�Q�� �P�R�G�X�O�D�W�L�R�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �D�Q�G �E�H�D�P�I�R�U�P�L�Q�J��
�D�P�R�Q�J �R�W�K�H�U�V �>�����@��

�6�H�Y�H�U�D�O �W�\�S�H�V �R�I �G�H�H�S �O�H�D�U�Q�L�Q�J �D�O�J�R�U�L�W�K�P�V �D�U�H �G�H�V�L�J�Q�H�G �W�R �V�R�O�Y�H �V�S�H�F�L�I�L�F �S�U�R�E�O�H�P�V��
�6�R�P�H �F�R�P�P�R�Q �G�H�H�S �O�H�D�U�Q�L�Q�J �D�O�J�R�U�L�W�K�P�V �L�Q�F�O�X�G�H�&�1�1�� �5�H�F�X�U�U�H�Q�W �1�H�X�U�D�O �1�H�W�Z�R�U�N
���5�1�1���� �*�H�Q�H�U�D�W�L�Y�H �$�G�Y�H�U�V�D�U�L�D�O �1�H�W�Z�R�U�N�V ���*�$�1�V���� �$�X�W�R�H�Q�F�R�G�H�U�V�� �D�Q�G �'�H�H�S �%�H�O�L�H�I
�1�H�W�Z�R�U�N�V ���'�%�1�V�� �>�����@�� �:�K�D�W �G�L�I�I�H�U�H�Q�W�L�D�W�H�V �W�K�H �G�L�I�I�H�U�H�Q�W �D�O�J�R�U�L�W�K�P�V �L�V �W�K�H�L�U
�D�U�F�K�L�W�H�F�W�X�U�H �� �W�K�H �Q�X�P�E�H�U �R�I �O�D�\�H�U�V�� �W�K�H �W�\�S�H �R�I �O�D�\�H�U�V�� �W�K�H �D�F�W�L�Y�D�W�L�R�Q �I�X�Q�F�W�L�R�Q�V �L�Q �W�K�H
�G�L�I�I�H�U�H�Q�W �O�D�\�H�U�V�� �D�Q�G �K�R�Z �W�K�H�\ �D�U�H �F�R�Q�Q�H�F�W�H�G��

����
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�������������� �&�R�Q�Y�R�O�X�W�L�R�Q�D�O �1�H�X�U�D�O �1�H�W�Z�R�U�N �2�Y�H�U�Y�L�H�Z

�&�1�1�L�V �D �W�\�S�H �R�I �1�H�X�U�D�O �1�H�W�Z�R�U�N �F�R�P�P�R�Q�O�\ �X�V�H�G �I�R�U �J�U�L�G���O�L�N�H �G�D�W�D �W�R�S�R�O�R�J�L�H�V�� �V�X�F�K �D�V
�L�P�D�J�H�V�� �Z�K�L�F�K �F�D�Q �E�H �F�R�Q�V�L�G�H�U�H�G �D �����' �J�U�L�G �R�I �S�L�[�H�O�V�� �7�K�H �L�Q�S�X�W �L�V �R�I�W�H�Q �D�P � �Q� �U
�P�D�W�U�L�[�� �Z�K�H�U�H�P �D�Q�G�Q�F�R�U�U�H�V�S�R�Q�G �W�R �W�K�H �Z�L�G�W�K �D�Q�G �K�H�L�J�K�W�� �D�Q�G�U�L�V �W�K�H �G�H�S�W�K�� �)�R�U
�L�Q�V�W�D�Q�F�H�� �W�K�H �G�H�S�W�K �L�Q �D�Q �L�P�D�J�H �L�V �W�K�H �Q�X�P�E�H�U �R�I �F�R�O�R�U �F�K�D�Q�Q�H�O�V �� �R�Q�H �I�R�U �J�U�D�\�V�F�D�O�H �D�Q�G
�W�K�U�H�H �I�R�U �D�Q �5�*�% �F�R�O�R�U �P�R�G�H�O��

�$ �&�1�1�W�\�S�L�F�D�O�O�\ �F�R�Q�V�L�V�W�V �R�I �W�K�U�H�H �V�S�H�F�L�I�L�F �O�D�\�H�U�V�� �7�K�H�V�H �D�U�H �W�K�H �F�R�Q�Y�R�O�X�W�L�R�Q�D�O �O�D�\�H�U��
�S�R�R�O�L�Q�J �O�D�\�H�U�� �D�Q�G �I�X�O�O�\ �F�R�Q�Q�H�F�W�H�G �O�D�\�H�U�V�� �,�Q �V�K�R�U�W�� �W�K�H �F�R�Q�Y�R�O�X�W�L�R�Q�D�O �O�D�\�H�U �D�S�S�O�L�H�V
�I�L�O�W�H�U�V ���N�H�U�Q�H�O�V�� �W�R �H�[�W�U�D�F�W �I�H�D�W�X�U�H�V �R�Q �W�R�S �R�I �W�K�H �J�U�L�G�� �7�K�H �S�R�R�O�L�Q�J �O�D�\�H�U �S�U�R�Y�L�G�H�V �D
�P�H�W�K�R�G �R�I �G�R�Z�Q�V�D�P�S�O�L�Q�J �W�K�H �J�U�L�G �W�R �U�H�G�X�F�H �F�R�P�S�X�W�D�W�L�R�Q�V�� �7�K�H �Q�H�W�Z�R�U�N �W�K�H�Q �X�V�H�V
�E�D�F�N�S�U�R�S�D�J�D�W�L�R�Q �D�Q�G �D �S�U�H�G�H�I�L�Q�H�G �R�S�W�L�P�L�]�H�U �P�H�W�K�R�G�� �V�X�F�K �D�V �J�U�D�G�L�H�Q�W �G�H�V�F�H�Q�W�� �W�R
�R�S�W�L�P�L�]�H �W�K�H �I�L�O�W�H�U�V �V�R �W�K�D�W �W�K�H�\ �F�D�Q �V�W�U�L�Y�H �W�R �P�D�W�F�K �W�K�H �O�D�E�H�O�V�� �O�L�N�H �L�Q �D �F�R�Q�Y�H�Q�W�L�R�Q�D�O
�P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �P�H�W�K�R�G�� �/�D�V�W�O�\�� �W�K�H �I�X�O�O�\ �F�R�Q�Q�H�F�W�H�G �O�D�\�H�U�V �D�U�H �U�H�V�S�R�Q�V�L�E�O�H �I�R�U
�S�U�H�G�L�F�W�L�Q�J �W�K�H �R�X�W�S�X�W��

�&�R�Q�Y�R�O�X�W�L�R�Q�D�O �/�D�\�H�U

�7�K�H �F�R�Q�Y�R�O�X�W�L�R�Q�D�O �O�D�\�H�U �L�V �R�Q�H �R�I �W�K�H �G�H�I�L�Q�L�Q�J �O�D�\�H�U�V �R�I �D�&�1�1�� �,�Q �W�K�L�V �O�D�\�H�U�� �I�L�O�W�H�U�V�� �R�U
�N�H�U�Q�H�O�V�� �D�U�H �D�S�S�O�L�H�G �W�R �W�K�H �L�Q�S�X�W �G�D�W�D �J�U�L�G �W�R �S�H�U�I�R�U�P �W�K�H �F�R�Q�Y�R�O�X�W�L�R�Q�D�O �R�S�H�U�D�W�L�R�Q �W�R
�J�H�Q�H�U�D�W�H �D�Q �R�X�W�S�X�W �I�H�D�W�X�U�H �P�D�S�� �7�K�H �N�H�U�Q�H�O �L�V �D �J�U�L�G �F�R�Q�V�L�V�W�L�Q�J �R�I �Z�H�L�J�K�W�V �D�G�M�X�V�W�H�G
�W�K�U�R�X�J�K�R�X�W �W�K�H �W�U�D�L�Q�L�Q�J �S�U�R�F�H�V�V�� �7�K�L�V �J�U�L�G �L�V �D�S�S�O�L�H�G �R�Y�H�U �D�O�O �H�O�H�P�H�Q�W�V �L�Q �W�K�H �L�Q�S�X�W
�J�U�L�G �E�\ �V�O�L�G�L�Q�J �Y�H�U�W�L�F�D�O�O�\ �D�Q�G �K�R�U�L�]�R�Q�W�D�O�O�\ �D�F�F�R�U�G�L�Q�J �W�R �D �S�U�H�G�H�I�L�Q�H�G �V�W�U�L�G�H�� �7�K�H �N�H�U�Q�H�O
�J�U�L�G �V�L�]�H �L�V �D �K�\�S�H�U�S�D�U�D�P�H�W�H�U �W�K�D�W �L�V �G�H�I�L�Q�H�G �Z�K�H�Q �F�R�Q�I�L�J�X�U�L�Q�J �W�K�H �P�R�G�H�O�� �(�D�F�K �N�H�U�Q�H�O
�F�U�H�D�W�H�V �D �V�H�S�D�U�D�W�H �I�H�D�W�X�U�H �P�D�S �Z�L�W�K �W�K�H �G�R�W �S�U�R�G�X�F�W �E�H�W�Z�H�H�Q �W�K�H �N�H�U�Q�H�O �Z�H�L�J�K�W�V �D�Q�G
�W�K�H �F�R�Y�H�U�H�G �L�Q�S�X�W �Y�D�O�X�H�V�� �7�K�L�V �V�O�L�G�L�Q�J �S�U�R�F�H�G�X�U�H �L�V �Y�L�V�X�D�O�L�]�H�G �L�Q �)�L�J�X�U�H������������ �Z�K�H�U�H
�W�K�H �L�Q�W�H�J�H�U�V �U�H�S�U�H�V�H�Q�W �D�U�E�L�W�U�D�U�\ �N�H�U�Q�H�O �Z�H�L�J�K�W�V �R�Y�H�U �W�K�H �L�Q�S�X�W�� �D�Q�G �W�K�H �G�L�I�I�H�U�H�Q�W �F�R�O�R�U�H�G
�N�H�U�Q�H�O�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �N�H�U�Q�H�O �S�R�V�L�W�L�R�Q �D�W �G�L�I�I�H�U�H�Q�W �W�L�P�H�V�� �7�K�H �I�H�D�W�X�U�H �P�D�S �F�U�H�D�W�L�R�Q �L�V
�G�L�V�S�O�D�\�H�G �L�Q �)�L�J�X�U�H������������

�)�L�J�X�U�H ������������ �.�H�U�Q�H�O�� �L�Q�V�S�L�U�H�G �E�\ �)�L�J�X�U�H �� �L�Q �>���@

�:�K�H�Q �S�U�R�G�X�F�L�Q�J �D �I�H�D�W�X�U�H �P�D�S�� �L�W �L�V �D�O�V�R �F�R�P�P�R�Q �W�R �L�Q�F�O�X�G�H �S�D�G�G�L�Q�J�� �L�Q�F�U�H�D�V�L�Q�J �W�K�H
�V�L�]�H �R�I �E�R�W�K �W�K�H �L�Q�S�X�W �D�Q�G �R�X�W�S�X�W �I�H�D�W�X�U�H �P�D�S�V�� �3�D�G�G�L�Q�J �K�H�O�S�V �S�U�H�V�H�U�Y�H �W�K�H �G�D�W�D�¶�V
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�V�S�D�W�L�D�O �G�L�P�H�Q�V�L�R�Q �Z�K�L�O�H �J�L�Y�L�Q�J �P�R�U�H �V�L�J�Q�L�I�L�F�D�Q�F�H �W�R �G�D�W�D �Q�H�D�U �W�K�H �H�G�J�H�V�� �D�V �W�K�H �N�H�U�Q�H�O
�Z�L�O�O �S�D�V�V �R�Y�H�U �D �F�H�Q�W�U�D�O �U�H�V�R�X�U�F�H �H�O�H�P�H�Q�W �P�R�U�H �R�I�W�H�Q �W�K�D�Q �D�Q �H�O�H�P�H�Q�W �F�R�Q�W�D�L�Q�H�G �L�Q �D
�F�R�U�Q�H�U �>���@�� �:�L�W�K�R�X�W �S�D�G�G�L�Q�J�� �W�K�H �I�H�D�W�X�U�H �P�D�S �Z�L�O�O �V�K�U�L�Q�N �Z�L�W�K �H�D�F�K �O�D�\�H�U��

�7�K�H �Q�X�P�E�H�U �R�I �I�L�O�W�H�U�V�� �R�U �N�H�U�Q�H�O�V�� �L�V �D�O�V�R �N�Q�R�Z�Q �D�V �W�K�H�R�X�W�S�X�W �F�K�D�Q�Q�H�O�V�R�I �D �O�D�\�H�U �D�Q�G �L�V
�W�R�J�H�W�K�H�U �Z�L�W�K �N�H�U�Q�H�O �V�L�]�H�� �S�D�G�G�L�Q�J�� �D�Q�G �V�W�U�L�G�H �K�\�S�H�U�S�D�U�D�P�H�W�H�U�V �V�H�W �Z�K�H�Q �F�R�Q�I�L�J�X�U�L�Q�J
�W�K�H �P�R�G�H�O�� �7�K�H �Q�X�P�E�H�U �R�I �I�L�O�W�H�U�V �G�H�W�H�U�P�L�Q�H�V �W�K�H �F�D�S�D�F�L�W�\ �R�I �W�K�H �I�H�D�W�X�U�H �H�[�W�U�D�F�W�L�R�Q �R�I
�W�K�H �P�R�G�H�O�� �:�L�W�K �P�R�U�H �I�L�O�W�H�U�V�� �W�K�H �F�R�Q�Y�R�O�X�W�L�R�Q�D�O �O�D�\�H�U �F�D�Q �H�[�W�U�D�F�W �P�R�U�H �I�H�D�W�X�U�H�V �I�U�R�P
�W�K�H �O�D�\�H�U�V�� �P�H�D�Q�L�Q�J �L�W �F�D�Q �P�R�G�H�O �P�R�U�H �F�R�P�S�O�H�[ �U�H�O�D�W�L�R�Q�V�K�L�S�V��

�3�R�R�O�L�Q�J �/�D�\�H�U

�7�K�H �S�R�R�O�L�Q�J �O�D�\�H�U �L�V �U�H�V�S�R�Q�V�L�E�O�H �I�R�U �G�R�Z�Q�V�D�P�S�O�L�Q�J �W�K�H �G�D�W�D�� �Z�K�L�F�K �P�H�D�Q�V �V�K�U�L�Q�N�L�Q�J �D
�O�D�U�J�H �I�H�D�W�X�U�H �P�D�S �W�R �D �V�P�D�O�O�H�U �R�Q�H �X�V�L�Q�J �D �S�U�H�G�H�I�L�Q�H�G �P�H�W�K�R�G�� �)�R�U �H�[�D�P�S�O�H�� �D ��� �� �J�U�L�G
�F�D�Q �E�H �V�S�O�L�W �L�Q�W�R �I�R�X�U �V�X�E���J�U�L�G�V�� �Z�K�H�U�H �D �S�R�R�O�L�Q�J �P�H�W�K�R�G �F�D�Q �E�H �X�V�H�G �W�R �H�V�W�D�E�O�L�V�K �W�K�H
�P�R�V�W �G�R�P�L�Q�D�Q�W �I�H�D�W�X�U�H �Z�L�W�K�L�Q �H�D�F�K �V�X�E���J�U�L�G �D�Q�G �F�R�Q�V�W�U�X�F�W �D ���[�� �J�U�L�G �D�V �D �Q�H�Z �I�H�D�W�X�U�H
�P�D�S�� �L�Q�F�O�X�G�L�Q�J �R�Q�O�\ �W�K�H �P�R�V�W �V�L�J�Q�L�I�L�F�D�Q�W �Y�D�O�X�H�V �>���@��

�)�X�O�O�\ �&�R�Q�Q�H�F�W�H�G �/�D�\�H�U

�$ �I�X�O�O�\ �F�R�Q�Q�H�F�W�H�G �O�D�\�H�U �L�V �X�V�H�G �D�V �D�Q �R�X�W�S�X�W �O�D�\�H�U �L�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �W�D�V�N�V�� �D �F�R�P�P�R�Q �X�V�H
�F�D�V�H �I�R�U �D�&�1�1�� �7�K�H �I�X�O�O�\ �F�R�Q�Q�H�F�W�H�G �O�D�\�H�U�¶�V �R�X�W�S�X�W �L�V �W�K�H�Q �W�K�H �F�R�P�S�O�H�W�H�&�1�1�>���@��
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������ �5�H�O�D�W�H�G �:�R�U�N

�7�K�H �I�L�H�O�G �R�I �Z�L�U�H�O�H�V�V �F�R�P�P�X�Q�L�F�D�W�L�R�Q �K�D�V �Z�L�W�Q�H�V�V�H�G �V�L�J�Q�L�I�L�F�D�Q�W �D�G�Y�D�Q�F�H�P�H�Q�W�V �L�Q �U�H�F�H�Q�W
�\�H�D�U�V�� �Z�L�W�K �W�K�H �L�Q�W�H�J�U�D�W�L�R�Q �R�I �G�H�H�S �O�H�D�U�Q�L�Q�J �W�H�F�K�Q�L�T�X�H�V �V�K�R�Z�L�Q�J �S�U�R�P�L�V�L�Q�J �U�H�V�X�O�W�V�� �7�K�L�V
�W�H�[�W �G�L�V�F�X�V�V�H�V �W�K�U�H�H �U�H�V�H�D�U�F�K �Z�R�U�N�V �W�K�D�W �O�H�Y�H�U�D�J�H �G�H�H�S �O�H�D�U�Q�L�Q�J �D�S�S�U�R�D�F�K�H�V �W�R �H�Q�K�D�Q�F�H
�W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �F�R�P�P�X�Q�L�F�D�W�L�R�Q �V�\�V�W�H�P�V �L�Q �G�L�I�I�H�U�H�Q�W �V�F�H�Q�D�U�L�R�V��

�6�R�O�W�D�Q�L�H�W �D�O���>�����@ �F�R�P�E�L�Q�H�V �W�Z�R�&�1�1�W�R �S�H�U�I�R�U�P �D �W�Z�R���V�W�H�S �L�P�D�J�H �S�U�R�F�H�V�V�L�Q�J �R�Q �W�K�H
�W�L�P�H���I�U�H�T�X�H�Q�F�\ �J�U�L�G �R�I �W�K�H �F�K�D�Q�Q�H�O �U�H�V�S�R�Q�V�H �L�Q �D�6�L�Q�J�O�H���,�Q�S�X�W �6�L�Q�J�O�H���2�X�W�S�X�W ���6�,�6�2����
�2�)�'�0 �V�\�V�W�H�P�� �7�K�H �U�H�F�H�L�Y�H�G �J�U�L�G �L�V �F�R�Q�V�L�G�H�U�H�G �W�R �K�D�Y�H �W�Z�R �F�K�D�Q�Q�H�O�V �� �R�Q�H �I�R�U
�H�D�F�K �,���4 �G�R�P�D�L�Q�� �,�Q�L�W�L�D�O�O�\�� �W�K�H �U�H�F�H�L�Y�H�G �J�U�L�G �Z�L�W�K �L�W�V �S�L�O�R�W �V�\�P�E�R�O�V �L�V �F�R�Q�V�L�G�H�U�H�G �D
�O�R�Z���U�H�V�R�O�X�W�L�R�Q �L�P�D�J�H �R�Q �Z�K�L�F�K �D �V�X�S�H�U���U�H�V�R�O�X�W�L�R�Q �D�O�J�R�U�L�W�K�P �L�V �X�V�H�G �W�R �H�Q�K�D�Q�F�H �W�K�H
�U�H�V�R�O�X�W�L�R�Q�� �$�I�W�H�U�Z�D�U�G�� �D�Q �L�P�D�J�H �U�H�V�W�R�U�D�W�L�R�Q �D�O�J�R�U�L�W�K�P �L�V �D�S�S�O�L�H�G �W�R �U�H�G�X�F�H �W�K�H �H�I�I�H�F�W �R�I
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���������� �0�R�W�L�Y�D�W�L�R�Q �I�R�U �&�1�1���E�D�V�H�G �&�K�D�Q�Q�H�O �(�V�W�L�P�D�W�L�R�Q

�,�Q �W�K�L�V �U�H�V�H�D�U�F�K�� �D �&�1�1 �K�D�V �E�H�H�Q �V�H�O�H�F�W�H�G �D�V �W�K�H �S�U�L�P�D�U�\ �D�O�J�R�U�L�W�K�P �I�R�U �F�K�D�Q�Q�H�O
�H�V�W�L�P�D�W�L�R�Q �G�X�H �W�R �L�W�V �S�U�H�Y�D�O�H�Q�F�H �L�Q �U�H�O�D�W�H�G �Z�R�U�N �D�Q�G �L�W�V �D�S�S�O�L�F�D�E�L�O�L�W�\ �W�R �W�K�H �V�X�E�M�H�F�W
�D�W �K�D�Q�G�� �7�K�H �X�V�H �R�I �&�1�1�V �L�Q �Y�D�U�L�R�X�V �I�L�H�O�G�V�� �L�Q�F�O�X�G�L�Q�J �F�R�P�S�X�W�H�U �Y�L�V�L�R�Q �D�Q�G �V�L�J�Q�D�O
�S�U�R�F�H�V�V�L�Q�J�� �K�D�V �G�H�P�R�Q�V�W�U�D�W�H�G �W�K�H�L�U �H�I�I�H�F�W�L�Y�H�Q�H�V�V �L�Q �H�[�W�U�D�F�W�L�Q�J �D�Q�G �O�H�D�U�Q�L�Q�J �P�H�D�Q�L�Q�J�I�X�O
�I�H�D�W�X�U�H�V �I�U�R�P �F�R�P�S�O�H�[ �G�D�W�D�� �7�K�H �F�K�R�L�F�H �R�I �D �&�1�1 �L�V �P�R�W�L�Y�D�W�H�G �E�\ �W�K�H �U�H�V�R�X�U�F�H �J�U�L�G�V
�D�Q�G �W�K�H �Q�D�W�X�U�H �R�I �F�K�D�Q�Q�H�O �H�V�W�L�P�D�W�L�R�Q �L�Q ���* �Q�H�W�Z�R�U�N�V�� �Z�K�L�F�K �L�Q�Y�R�O�Y�H�V �S�U�R�F�H�V�V�L�Q�J �Y�D�V�W
�D�P�R�X�Q�W�V �R�I �G�D�W�D �I�U�R�P �P�X�O�W�L�S�O�H �D�Q�W�H�Q�Q�D�V �D�Q�G �D�F�U�R�V�V �G�L�I�I�H�U�H�Q�W �I�U�H�T�X�H�Q�F�\ �D�Q�G �W�L�P�H
�G�L�P�H�Q�V�L�R�Q�V�� �&�1�1�V �D�U�H �Z�H�O�O���V�X�L�W�H�G �I�R�U �K�D�Q�G�O�L�Q�J �P�X�O�W�L�G�L�P�H�Q�V�L�R�Q�D�O �G�D�W�D�� �P�D�N�L�Q�J �W�K�H�P
�D�Q �L�G�H�D�O �F�D�Q�G�L�G�D�W�H �I�R�U �W�K�L�V �W�D�V�N��

�)�X�U�W�K�H�U�P�R�U�H�� �W�K�H �X�W�L�O�L�]�D�W�L�R�Q �R�I �&�1�1�V �L�Q �U�H�F�H�Q�W �U�H�V�H�D�U�F�K �S�H�U�W�D�L�Q�L�Q�J �W�R �F�K�D�Q�Q�H�O
�H�V�W�L�P�D�W�L�R�Q �S�U�R�Y�L�G�H�V �D �V�R�O�L�G �I�R�X�Q�G�D�W�L�R�Q �I�R�U �W�K�L�V �U�H�V�H�D�U�F�K�� �%�X�L�O�G�L�Q�J �X�S�R�Q �W�K�H �L�Q�V�L�J�K�W�V
�J�D�L�Q�H�G �I�U�R�P �S�U�L�R�U �Z�R�U�N�� �W�K�L�V �V�W�X�G�\ �V�H�H�N�V �W�R �H�Q�K�D�Q�F�H �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �F�K�D�Q�Q�H�O
�H�V�W�L�P�D�W�L�R�Q �L�Q ���* �Q�H�W�Z�R�U�N�V �E�\ �O�H�Y�H�U�D�J�L�Q�J �W�K�H �V�W�U�H�Q�J�W�K�V �R�I �&�1�1 �D�U�F�K�L�W�H�F�W�X�U�H�V��
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���������� �0�D�F�K�L�Q�H �/�H�D�U�Q�L�Q�J �)�U�D�P�H�Z�R�U�N

�7�L�H�W�R�H�Y�U�\ �K�D�V �U�H�T�X�H�V�W�H�G �W�K�D�W �W�K�H �W�K�H�V�L�V �S�U�R�M�H�F�W �X�V�H �D�Q �R�S�H�Q���V�R�X�U�F�H �O�L�E�U�D�U�\ �W�R �S�H�U�I�R�U�P �D�O�O
�P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J�� �7�R �F�R�Q�I�R�U�P �Z�L�W�K �W�K�H�L�U �G�H�V�L�U�H�V�� �3�\�7�R�U�F�K �>���� �@ �Z�D�V �F�K�R�V�H�Q�� �,�W �L�V �Z�L�G�H�O�\
�X�V�H�G �L�Q �W�K�H �I�L�H�O�G �R�I �G�D�W�D �V�F�L�H�Q�F�H �D�Q�G �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �D�Q�G �S�U�R�Y�L�G�H�V �D �O�R�W �R�I �R�Q�O�L�Q�H
�H�G�X�F�D�W�L�R�Q�D�O �U�H�V�R�X�U�F�H�V �I�R�U �X�V�H�U�V�� �,�W �D�O�V�R �K�D�V �E�X�L�O�W���L�Q �V�X�S�S�R�U�W �I�R�U �*�3�8 �D�F�F�H�O�H�U�D�W�L�R�Q��
�O�H�Y�H�U�D�J�L�Q�J �W�K�H �F�R�P�S�X�W�D�W�L�R�Q�D�O �S�R�Z�H�U �R�I �J�U�D�S�K�L�F�V �S�U�R�F�H�V�V�L�Q�J �X�Q�L�W�V ���*�3�8�V�� �W�R �D�F�F�H�O�H�U�D�W�H
�P�R�G�H�O �W�U�D�L�Q�L�Q�J �E�\ �X�W�L�O�L�]�L�Q�J �S�D�U�D�O�O�H�O �S�U�R�F�H�V�V�L�Q�J��

�)�L�J�X�U�H ������������ �&�R�Q�Q�H�F�W�L�R�Q �E�H�W�Z�H�H�Q ���*���/�/�6 �D�Q�G �W�K�H �3�\�W�K�R�Q �S�U�R�J�U�D�P �X�V�L�Q�J �3�\�7�R�U�F�K �I�R�U
�P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �W�D�V�N�V

�$�G�G�L�W�L�R�Q�D�O�O�\�� �3�\�7�R�U�F�K �F�D�Q �H�[�S�R�U�W �W�U�D�L�Q�H�G �P�R�G�H�O�V �L�Q�W�R �W�K�H�2�S�H�Q �1�H�X�U�D�O �1�H�W�Z�R�U�N
�(�[�F�K�D�Q�J�H ���2�1�1�;�� �I�R�U�P�D�W �>���� �@���2�1�1�; �V�H�U�Y�H�V �D�V �D �I�U�D�P�H�Z�R�U�N �I�R�U �F�R�Q�Y�H�U�W�L�Q�J �P�R�G�H�O�V
�E�H�W�Z�H�H�Q �G�L�I�I�H�U�H�Q�W �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �I�U�D�P�H�Z�R�U�N�V�>���� �@�� �7�K�L�V �I�X�Q�F�W�L�R�Q�D�O�L�W�\ �D�O�O�R�Z�V �I�R�U
�W�K�H �H�[�S�R�U�W �R�I �3�\�7�R�U�F�K �P�R�G�H�O�V�� �Z�K�L�F�K �F�D�Q �W�K�H�Q �E�H �L�P�S�R�U�W�H�G �D�Q�G �W�U�D�Q�V�I�R�U�P�H�G �L�Q�W�R
�0�$�7�/�$�%�¶�V�/�H�M�2�i�r�Q�`�F�R�E�M�H�F�W �I�R�U �X�V�H �Z�L�W�K�L�Q �W�K�H���*���/�/�6 �H�Q�Y�L�U�R�Q�P�H�Q�W�� �)�L�J�X�U�H����������
�G�L�V�S�O�D�\ �W�K�H �F�R�Q�Q�H�F�W�L�R�Q �E�H�W�Z�H�H�Q ���*���/�/�6 �D�Q�G �W�K�H �S�\�W�K�R�Q �S�U�R�J�U�D�P �X�V�H�G �I�R�U �W�K�H �P�D�F�K�L�Q�H
�O�H�D�U�Q�L�Q�J �W�D�V�N�V �G�H�V�F�U�L�E�H�G �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �V�H�F�W�L�R�Q�V��

���������� �&�K�D�Q�Q�H�O �0�D�W�U�L�[ �'�D�W�D �3�U�H���3�U�R�F�H�V�V�L�Q�J �D�Q�G �)�R�U�P�D�W�W�L�Q�J

�7�K�L�V �V�X�E�V�H�F�W�L�R�Q �G�H�V�F�U�L�E�H�V �W�K�H �L�Q�S�X�W �D�Q�G �R�X�W�S�X�W �G�D�W�D �R�I �W�K�H�&�1�1�� �D�Q�G �Z�K�\ �L�W �L�V �I�R�U�P�D�W�W�H�G
�D�V �L�W �L�V��

�7�K�H �L�Q�S�X�W �R�I �D �Q�H�X�U�D�O �Q�H�W�Z�R�U�N �L�V �F�D�O�O�H�G �D�W�H�Q�V�R�U�� �$ �P�X�O�W�L���G�L�P�H�Q�V�L�R�Q�D�O �P�D�W�U�L�[ �W�K�D�W �K�R�O�G�V
�H�O�H�P�H�Q�W�V �R�I �D �V�L�Q�J�O�H �G�D�W�D �W�\�S�H �>���� �@�� �+�H�U�H�� �H�D�F�K �H�O�H�P�H�Q�W �L�Q �W�K�H �U�H�V�R�X�U�F�H �J�U�L�G �U�H�S�U�H�V�H�Q�W�V
�D �S�K�D�V�H �F�R�P�S�R�Q�H�Q�W �I�U�R�P �W�K�H �U�H�F�H�L�Y�H�G �V�L�J�Q�D�O�� �G�H�I�L�Q�H�G �E�\ �F�R�P�S�O�H�[ �Q�X�P�E�H�U�V�� �7�K�H �L�Q�S�X�W
�W�H�Q�V�R�U �F�R�Q�V�L�V�W�V �R�I �� �G�L�P�H�Q�V�L�R�Q�V�� �6�X�E�F�D�U�U�L�H�U�V�� �2�)�'�0 �6�\�P�E�R�O�V�� �5�H�F�H�L�Y�H �$�Q�W�H�Q�Q�D�V �D�Q�G
�O�D�V�W�O�\�� �W�K�H �U�H�D�O �D�Q�G �L�P�D�J�L�Q�D�U�\ �S�D�U�W�V �R�I �W�K�H �S�K�D�V�H��

�7�K�H �U�H�V�R�X�U�F�H �J�U�L�G �F�R�Q�V�L�V�W�V �R�I ������� ���� �U�H�V�R�X�U�F�H �H�O�H�P�H�Q�W�V �D�Q�G �L�V �G�H�V�F�U�L�E�H�G �L�Q
�6�H�F�W�L�R�Q������������ �$�V �W�K�H �V�\�V�W�H�P �L�V �X�V�L�Q�J �D ���[���0�,�0�2 �F�R�Q�I�L�J�X�U�D�W�L�R�Q�� �W�K�H �D�F�W�X�D�O �F�K�D�Q�Q�H�O
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�P�D�W�U�L�[ �L�V �D ������� ���� � �� � �� �P�D�W�U�L�[�� �%�H�O�R�Z �L�V �K�R�Z �H�D�F�K �G�L�P�H�Q�V�L�R�Q �F�D�Q �E�H �L�Q�W�H�U�S�U�H�W�H�G
�I�R�U �P�R�U�H �F�O�D�U�L�W�\��

�‡������ �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�X�P�E�H�U �R�I �V�X�E�F�D�U�U�L�H�U�V �L�Q �W�K�H �U�H�V�R�X�U�F�H �J�U�L�G�� �(�D�F�K �V�X�E�F�D�U�U�L�H�U
�F�D�U�U�L�H�V �D �S�R�U�W�L�R�Q �R�I �W�K�H �R�Y�H�U�D�O�O �W�U�D�Q�V�P�L�W�W�H�G �V�L�J�Q�D�O

�‡���� �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�X�P�E�H�U �R�I �2�)�'�0 �V�\�P�E�R�O�V �Z�L�W�K�L�Q �D �W�U�D�Q�V�P�L�V�V�L�R�Q �W�L�P�H �L�Q�W�H�U�Y�D�O��
�7�K�H�V�H �V�\�P�E�R�O�V �D�U�H �X�V�H�G �W�R �W�U�D�Q�V�P�L�W �G�D�W�D �D�F�U�R�V�V �W�L�P�H �D�Q�G �I�U�H�T�X�H�Q�F�\

�‡�� � �� �U�H�S�U�H�V�H�Q�W�V �W�K�H�0�,�0�2 �F�R�Q�I�L�J�X�U�D�W�L�R�Q �Z�L�W�K �� �D�Q�W�H�Q�Q�D�V �D�W �E�R�W�K �W�K�H �W�U�D�Q�V�P�L�W�W�H�U
�D�Q�G �U�H�F�H�L�Y�H�U�� �(�D�F�K �H�O�H�P�H�Q�W �L�Q �W�K�H �P�D�W�U�L�[ �F�R�U�U�H�V�S�R�Q�G�V �W�R �D �V�S�H�F�L�I�L�F �F�K�D�Q�Q�H�O
�U�H�V�S�R�Q�V�H �E�H�W�Z�H�H�Q �D �W�U�D�Q�V�P�L�W���U�H�F�H�L�Y�H �D�Q�W�H�Q�Q�D �S�D�L�U �I�R�U �D �J�L�Y�H�Q �V�X�E�F�D�U�U�L�H�U �D�Q�G
�2�)�'�0 �V�\�P�E�R�O

�$�V �G�H�V�F�U�L�E�H�G �D�E�R�Y�H�� �W�K�H ��� �� �U�H�S�U�H�V�H�Q�W �H�D�F�K �W�U�D�Q�V�P�L�W���U�H�F�H�L�Y�H �D�Q�W�H�Q�Q�D �S�D�L�U�� �+�R�Z�H�Y�H�U��
�W�K�H �U�H�F�H�L�Y�H�U �L�V �X�Q�D�Z�D�U�H �R�I �H�D�F�K �W�U�D�Q�V�P�L�W�W�H�U�¶�V �H�I�I�H�F�W�� �,�W �F�D�Q �V�X�E�V�H�T�X�H�Q�W�O�\ �E�H �W�U�D�Q�V�I�R�U�P�H�G
�L�Q�W�R �D ������� ���� � �� �P�D�W�U�L�[ �Z�K�H�U�H �W�K�H �O�D�V�W �G�L�P�H�Q�V�L�R�Q �U�H�S�U�H�V�H�Q�W�V �H�D�F�K �U�H�F�H�L�Y�H�U�¶�V
�V�X�S�H�U�S�R�V�H�G �V�L�J�Q�D�O ���W�K�H �V�X�P �R�I �W�K�H �U�H�V�S�R�Q�V�H�V���� �D�V �F�D�Q �E�H �R�E�V�H�U�Y�H�G �L�Q �W�K�H �O�H�I�W���P�R�V�W
�D�Q�W�H�Q�Q�D �P�H�V�K���J�U�L�G �L�Q �)�L�J�X�U�H������������

�)�L�J�X�U�H ������������ �'�D�W�D �7�U�D�Q�V�I�R�U�P�D�W�L�R�Q �&�K�D�L�Q

�$�V �L�Q�G�L�F�D�W�H�G �E�\ �W�K�H �W�K�H �� �U�H�V�R�X�U�F�H �J�U�L�G�V �W�R �W�K�H �O�H�I�W �R�I �W�K�H�&�1�1�� �H�D�F�K �U�H�V�R�X�U�F�H �J�U�L�G �K�D�V
�E�H�H�Q �V�H�S�D�U�D�W�H�G �L�Q�W�R �L�W�V �U�H�D�O �D�Q�G �L�P�D�J�L�Q�D�U�\ �S�D�U�W�V �L�Q�G�H�S�H�Q�G�H�Q�W�O�\�� �7�K�L�V �L�V �E�H�F�D�X�V�H �W�K�H
�&�1�1�G�R�H�V �Q�R�W �K�D�Q�G�O�H �F�R�P�S�O�H�[ �Q�X�P�E�H�U�V�� �D�Q�G �L�Q�V�W�H�D�G �W�U�H�D�W�V �W�K�H �U�H�D�O �D�Q�G �L�P�D�J�L�Q�D�U�\
�S�D�U�W�V �D�V �W�Z�R �D�G�G�L�W�L�R�Q�D�O �F�K�D�Q�Q�H�O�V �L�Q �D�Q �H�[�W�U�D �G�L�P�H�Q�V�L�R�Q��

�,�Q �F�R�Q�F�O�X�V�L�R�Q�� �W�K�H �L�Q�S�X�W �D�Q�G �R�X�W�S�X�W �R�I �W�K�H�&�1�1�L�V �D ������� ���� � �� � ���� �V�K�D�S�H�G
�W�H�Q�V�R�U��

���������� �/�D�\�H�U �&�R�Q�I�L�J�X�U�D�W�L�R�Q

�7�K�H�&�1�1�D�U�F�K�L�W�H�F�W�X�U�H �F�R�Q�V�L�V�W�V �R�I �� �F�R�Q�Y�R�O�X�W�L�R�Q �O�D�\�H�U�V �L�Q�F�O�X�G�L�Q�J �L�Q�S�X�W �D�Q�G �R�X�W�S�X�W
�O�D�\�H�U�V�� �7�K�H �R�E�M�H�F�W�L�Y�H �L�V �W�R �D�S�S�U�R�[�L�P�D�W�H �Y�D�O�X�H�V �E�D�V�H�G �R�Q �L�Q�W�H�U�S�R�O�D�W�L�R�Q �D�Q�G �Q�R�W �W�R
�S�H�U�I�R�U�P �D�Q�\ �F�D�W�H�J�R�U�L�]�D�W�L�R�Q�� �W�K�H�U�H�E�\ �X�V�L�Q�J �R�Q�O�\ �F�R�Q�Y�R�O�X�W�L�R�Q�D�O �O�D�\�H�U�V �D�Q�G �Q�R �S�R�R�O�L�Q�J
�O�D�\�H�U�V�� �$�V �S�U�L�R�U �P�H�Q�W�L�R�Q�H�G�� �W�K�H �R�X�W�S�X�W �L�V �W�K�H �V�D�P�H �V�K�D�S�H �D�V �W�K�H �L�Q�S�X�W�� �D�V �W�R �Z�K�\
�G�R�Z�Q�V�D�P�S�O�L�Q�J �Z�L�W�K �S�R�R�O�L�Q�J �L�V �V�X�S�H�U�I�O�X�R�X�V�� �)�L�J�X�U�H�����������J�L�Y�H�V �D�Q �R�Y�H�U�Y�L�H�Z �R�I �W�K�H �O�D�\�H�U�V��
�Z�K�H�U�H�D�V �)�L�J�X�U�H�����������G�L�V�S�O�D�\�V �W�K�H �F�R�Q�Y�R�O�X�W�L�R�Q�D�O �I�X�Q�F�W�L�R�Q��
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