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Abstract

Federated learning (FL) is a distributed approach to train machine learning models without disclosing private

data from participating clients to a central server. Nevertheless, FL training struggles to converge when clients

have distinct data distributions, which leads to an increased training time and model prediction error. We propose

ATHENA-FL, a federated learning system that considers clients with heterogeneous data distributions to generate

accurate models in fewer training epochs than state-of-the-art approaches. ATHENA-FL reduces communication

costs, providing an additional positive aspect for resource-constrained scenarios. ATHENA-FL mitigates data

heterogeneity by introducing a preliminary step before training that clusters clients with similar data distribution. To

handle that, we use the weights of a locally trained neural network used as a probe. The proposed system also uses

the one-versus-all model to train one binary detector for each class in the cluster. Thus, clients can compose complex

models combining multiple detectors. These detectors are shared with all participants through the system’s database.

We evaluate the clustering procedure using different layers from the neural network and verify that the last layer is

sufficient to cluster the clients efficiently. The experiments show that using the last layer as input for the clustering

algorithm transmits 99.68% fewer bytes to generate clusters compared to using all the neural network weights.

Finally, our results show that ATHENA-FL correctly identifies samples, achieving up to 10.9% higher accuracy

than traditional training. Furthermore, ATHENA-FL achieves lower training communication costs compared with

MobileNet architecture, reducing the number of transmitted bytes between 25% and 97% across evaluated scenarios.
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1 Introduction

Machine learning enables task automation by creating mod-

els that identify patterns in datasets to predict or classify fu-

ture data. In traditional machine learning systems, model

training requires client-data collection, which usually reveals

private or sensitive information from the user or collection

point Liu et al. [2021]. Also, the high data volume generated

by devices imposes a challenge to this practice of centralizing

information into a single point in the network. Therefore,

Federated Learning (FL) has emerged as a proposal for train-

ing machine learning models that preserve the privacy of

the user without sharing local data. Federated learning (FL),

proposed by Google McMahan et al. [2017], has become

popular among researchers and industry due to the possibility

of training machine learning models while preserving users’

data privacy de Souza et al. [2020]; Djenouri et al. [2023]; Li

et al. [2023a]; Singh et al. [2022]. After the change in data

processing regulations in several countries, for instance, the

California Consumer Privacy Act (CCPA) in the USA and

the General Data Protection Regulations (GDPR) in Europe,

the importance of federated learning research and adoption

increased.

Training in federated learning replaces data sharing with

model parameter sharing. In Federated Averaging (FedAVG),

the most widely used algorithm for model parameters’ aggre-

gation in FL, clients train the model locally for a few epochs

and send the result to the aggregation server, which com-

bines the individual trained models into a single global model.

Then, the aggregation server broadcasts the global model back

to the clients, which further improves it with fresh training

data. The aggregation server and clients repeat this process

until the global model converges or the training reaches the

amount of maximum global epochs. FedAVG is a specific

algorithm for FL models based on updating parameters via

the loss gradient vector and averaging the vectors sent by

the clients to update the global model. Thus, clients’ train-

ing samples remain stored locally, preserving data and user

privacy. Nevertheless, another problem persists when de-

ploying FL on a large scale: clients have heterogeneous data

generated from non-independent and identically distributed

(non-IID) distributions, leading to convergence difficulty and

suboptimal performance Zhao et al. [2018]. Therefore, a pro-

posal that reduces the effects of data heterogeneity during

model training and allows the generalization of the classifier

to samples originating from other data distributions becomes

necessary. Clustering clients by data similarity allows models

to be trained on IID data and quickly converge with high final
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�V�\�V�W�H�P �D�Q�Gpn �L�V �W�K�H �Q�H�X�U�D�O �Q�H�W�Z�R�U�N �Z�H�L�J�K�W�V �R�I �W�K�Hn���W�K
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�W�K �F�O�L�H�Q�W �G�D�W�D�V�H�W �D�Q�Gs �L�V �W�K�H �Q�X�P�E�H�U �R�I �V�D�P�S�O�H�V �D�P�R�Q�J �D�O�O
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f i (w)�� �7�K�H �I�X�Q�F�W�L�R�Qf i (w) �L�V �U�H�O�D�W�H�G �W�R
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�D�J�J�U�H�J�D�W�H�V �W�K�H �U�H�V�S�R�Q�V�H�V �W�R �W�K�H �J�O�R�E�D�O �P�R�G�H�O�� �J�H�Q�H�U�D�W�L�Q�J �W�K�H �J�O�R�E�D�O �P�R�G�H�O �I�R�U �U�R�X�Q�Gn�� �)�L�Q�D�O�O�\�� �W�K�H �J�O�R�E�D�O �P�R�G�H�O �I�R�U �U�R�X�Q�Gn �L�V �V�H�Q�W �W�R �F�O�L�H�Q�W�V�� �7�K�H �S�U�R�F�H�V�V �L�V
�U�H�S�H�D�W�H�G �X�Q�W�L�O �D �V�W�R�S�S�L�Q�J �F�R�Q�G�L�W�L�R�Q �L�V �U�H�D�F�K�H�G�� �V�X�F�K �D�V �P�R�G�H�O �F�R�Q�Y�H�U�J�H�Q�F�H �R�U �W�K�H �P�D�[�L�P�X�P �Q�X�P�E�H�U �R�I �J�O�R�E�D�O �H�S�R�F�K�V��

�F�O�L�H�Q�W�V �V�K�R�X�O�G �F�R�O�O�H�F�W �D�Q�G �X�V�H �L�Q �P�R�G�H�O �W�U�D�L�Q�L�Q�J�� �+�R�Z�H�Y�H�U��
�W�K�H �W�U�D�L�Q�L�Q�J �D�Q�G �D�J�J�U�H�J�D�W�L�R�Q �S�U�R�F�H�V�V �L�V �V�L�P�S�O�H�� �D�V �D�O�O �F�O�L�H�Q�W�V
�X�V�H �L�G�H�Q�W�L�F�D�O �L�Q�S�X�W �V�L�]�H�V��

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

�S�U�L�Y�D�F�\ �P�R�G�H�O��

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



�$�7�+�(�1�$���)�/�� �$�Y�R�L�G�L�Q�J �6�W�D�W�L�V�W�L�F�D�O �+�H�W�H�U�R�J�H�Q�H�L�W�\ �Z�L�W�K �2�Q�H���Y�H�U�V�X�V���$�O�O �L�Q �)�H�G�H�U�D�W�H�G �/�H�D�U�Q�L�Q�J �G�H �6�R�X�]�D �H�W �D�O�� ��������

������ �'�D�W�D �'�L�V�W�U�L�E�X�W�L�R�Q

�,�Q �W�K�L�V �V�H�F�W�L�R�Q�� �Z�H �G�L�V�F�X�V�V �V�R�X�U�F�H�V �R�I �Q�R�Q���,�,�' �G�D�W�D �G�L�V�W�U�L��
�E�X�W�L�R�Q�V���0�D�H�W �D�O���>���������@ �L�G�H�Q�W�L�I�\ �I�L�Y�H �V�F�H�Q�D�U�L�R�V �Z�K�H�U�H �G�D�W�D
�D�U�H �K�H�W�H�U�R�J�H�Q�H�R�X�V �D�P�R�Q�J �F�O�L�H�Q�W�V�� �)�H�D�W�X�U�H �G�L�V�W�U�L�E�X�W�L�R�Q �V�N�H�Z��
�O�D�E�H�O �G�L�V�W�U�L�E�X�W�L�R�Q �V�N�H�Z�� �Y�H�U�W�L�F�D�O �I�H�G�H�U�D�W�H�G �O�H�D�U�Q�L�Q�J�� �O�D�E�H�O �L�Q��
�F�R�Q�V�L�V�W�H�Q�F�\�� �D�Q�G �T�X�D�Q�W�L�W�\ �V�N�H�Z�� �Z�K�L�F�K �Z�H �F�R�Q�V�L�G�H�U �L�Q �W�K�L�V
�Z�R�U�N�� �%�H�O�R�Z �D�U�H �W�K�H �G�H�W�D�L�O�V �D�Q�G �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �H�D�F�K �R�Q�H��

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

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

�9�H�U�W�L�F�D�O �I�H�G�H�U�D�W�H�G �O�H�D�U�Q�L�Q�J�� �7�K�L�V �O�H�D�U�Q�L�Q�J �V�F�H�Q�D�U�L�R �L�V
�L�Q�K�H�U�H�Q�W�O�\ �1�R�Q���,�,�' �V�L�Q�F�H �F�O�L�H�Q�W�V �K�D�Y�H �G�L�I�I�H�U�H�Q�W �I�H�D�W�X�U�H �V�S�D�F�H
�G�L�V�W�U�L�E�X�W�L�R�Q�V��

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

�4�X�D�Q�W�L�W�\ �V�N�H�Z�� �,�Q �W�K�L�V �V�F�H�Q�D�U�L�R�� �F�O�L�H�Q�W�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �G�L�I�I�H�U
�L�Q �W�K�H �G�D�W�D�V�H�W �V�L�]�H�� �)�R�U �L�Q�V�W�D�Q�F�H�� �F�O�L�H�Q�W �� �K�D�Vjs1j = 2 ; 000
�Z�K�L�O�H �F�O�L�H�Q�W �� �K�D�Vjs2j = 500; 000�� �7�K�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q
�T�X�D�Q�W�L�W�\ �V�N�H�Z �D�Q�G �O�D�E�H�O �G�L�V�W�U�L�E�X�W�L�R�Q �V�N�H�Z �L�V �W�K�D�W �L�Q �T�X�D�Q�W�L�W�\
�V�N�H�Z �V�D�P�S�O�H �P�L�J�K�W �R�U�L�J�L�Q�D�W�H �I�U�R�P �W�K�H �V�D�P�H �G�L�V�W�U�L�E�X�W�L�R�Q �E�X�W
�Z�L�W�K �G�L�I�I�H�U�H�Q�W �V�D�P�S�O�H �V�L�]�H�V �D�P�R�Q�J �W�K�H �F�O�L�H�Q�W�V��

������ �2�Q�H���Y�H�U�V�X�V���$�O�O �0�R�G�H�O

�7�K�L�V �P�R�G�H�O �F�R�P�S�U�L�V�H�V �D �J�H�Q�H�U�L�F �F�O�D�V�V�L�I�L�H�U�� �D�Q �H�Q�V�H�P�E�O�H
�R�I �V�H�Y�H�U�D�O �V�S�H�F�L�D�O�L�]�H�G �F�O�D�V�V�L�I�L�H�U�V�� �(�D�F�K �F�O�D�V�V�L�I�L�H�U �L�V �W�U�D�L�Q�H�G
�W�R �G�H�W�H�F�W �M�X�V�W �D �V�L�Q�J�O�H �F�O�D�V�V�� �7�K�H �V�S�H�F�L�D�O�L�]�H�G �F�O�D�V�V�L�I�L�H�U�V �D�U�H
�E�L�Q�D�U�\ �F�O�D�V�V�L�I�L�H�U�V �W�K�D�W �U�H�W�X�U�Q �K�R�Z �V�L�P�L�O�D�U �W�K�H �V�D�P�S�O�H �L�V �L�Q
�F�R�P�S�D�U�L�V�R�Q �W�R �W�K�H �V�D�P�S�O�H�V �R�I �L�W�V �F�O�D�V�V�� �7�K�X�V�� �W�K�H�\ �D�U�H �D�O�V�R
�Q�D�P�H�G �D�V �G�H�W�H�F�W�R�U�V�� �$�Q �D�G�Y�D�Q�W�D�J�H �R�I �W�K�L�V �D�S�S�U�R�D�F�K �L�V �W�K�H
�P�R�G�H�O�¶�V �V�L�]�H �V�L�Q�F�H �W�K�H �E�L�Q�D�U�\ �F�O�D�V�V�L�I�L�H�U �F�D�Q �E�H �L�P�S�O�H�P�H�Q�W�H�G
�D�V �D �V�K�D�O�O�R�Z �Q�H�X�U�D�O �Q�H�W�Z�R�U�N�� �6�L�Q�F�H �W�K�H�\ �D�U�H �E�L�Q�D�U�\ �F�O�D�V�V�L�I�L�H�U�V��
�W�K�H�\ �W�H�Q�G �W�R �F�R�Q�Y�H�U�J�H �I�D�V�W�H�U �L�Q �I�H�Z�H�U �H�S�R�F�K�V �W�K�D�Q �D �G�H�H�S�H�U
�Q�H�X�U�D�O �Q�H�W�Z�R�U�N�� �7�K�H�U�H�I�R�U�H�� �Z�H �F�D�Q �U�H�G�X�F�H �W�K�H �F�R�P�P�X�Q�L�F�D�W�L�R�Q
�U�H�V�R�X�U�F�H �U�H�T�X�L�U�H�P�H�Q�W�V �X�V�L�Q�J �W�K�L�V �D�S�S�U�R�D�F�K�� �(�T�X�D�W�L�R�Q�� �V�K�R�Z�V
�W�K�H �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �S�U�R�F�H�V�V �R�I �D �V�D�P�S�O�Hx��

Cova (x) = argmax
i 2 [1;R ]

r k (x): ������

�7�K�H �P�R�G�H�O �F�R�P�S�U�L�V�H�V �V�H�Y�H�U�D�O �G�H�W�H�F�W�R�U�Vr k �� �Z�K�L�F�K �F�O�D�V�V�L�I�\ �W�K�H
�V�D�P�S�O�Hx �D�Q�G �U�H�W�X�U�Q �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �W�K�D�W �W�K�H �V�D�P�S�O�H �E�H�O�R�Q�J�V
�W�R �W�K�H �F�O�D�V�Vk�� �7�K�H �F�O�D�V�V�L�I�L�H�UCova �D�V�V�L�J�Q�V �W�R �W�K�H �V�D�P�S�O�H �W�K�H
�O�D�E�H�O �W�K�D�W �K�D�V �W�K�H �K�L�J�K�H�V�W �S�U�R�E�D�E�L�O�L�W�\ �D�P�R�Q�J �D�O�O �G�H�W�H�F�W�R�U�V��

�7�K�H �P�R�G�H�O �P�X�V�W �H�[�H�F�X�W�H �D �S�U�H���S�U�R�F�H�V�V �W�R �W�U�D�L�Q �W�K�H �G�H�W�H�F�W�R�U�V��
�7�K�L�V �S�U�H���S�U�R�F�H�V�V�L�Q�J �F�R�Q�V�L�V�W�V �R�I �W�U�D�Q�V�I�R�U�P�L�Q�J �W�K�H �R�U�L�J�L�Q�D�O �V�D�P��
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�G�H�W�H�F�W�R�U�V �D�U�H �V�P�D�O�O�H�U�� �K�H�Q�F�H �W�K�H �W�L�P�H �E�H�W�Z�H�H�Q �W�U�D�L�Q�L�Q�J �H�S�R�F�K�V
�L�V �U�H�G�X�F�H�G �F�R�P�S�D�U�H�G �W�R �G�H�H�S�H�U �Q�H�X�U�D�O �Q�H�W�Z�R�U�N�V�� �6�H�F�R�Q�G�O�\�� �W�K�H
�R�Q�H���Y�H�U�V�X�V���D�O�O �P�R�G�H�O �F�D�Q �L�G�H�Q�W�L�I�\ �W�K�H �F�O�D�V�V�H�V �I�U�R�P �S�U�H�V�H�Q�W �R�Q
�R�W�K�H�U �F�O�X�V�W�H�U�V �H�D�V�L�O�\�� �V�L�Q�F�H �Z�H �P�H�U�H�O�\ �F�R�P�E�L�Q�H �W�K�H �G�H�W�H�F�W�R�U�V
�I�U�R�P �W�K�H �V�\�V�W�H�P�¶�V �G�H�W�H�F�W�R�U�V �G�D�W�D�E�D�V�H��
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�2�Q�H �R�I �W�K�H �P�R�V�W �U�H�O�H�Y�D�Q�W �F�K�D�O�O�H�Q�J�H�V �U�H�J�D�U�G�L�Q�J �I�H�G�H�U�D�W�H�G
�O�H�D�U�Q�L�Q�J �L�V �L�Q�F�U�H�D�V�L�Q�J �W�K�H �I�L�Q�D�O �P�R�G�H�O �S�H�U�I�R�U�P�D�Q�F�H �Z�K�L�O�H �U�H��
�G�X�F�L�Q�J �W�K�H �W�R�W�D�O �W�U�D�L�Q�L�Q�J �W�L�P�H�� �$�O�W�K�R�X�J�K �K�\�S�H�U�S�D�U�D�P�H�W�H�U �R�S�W�L��
�P�L�]�D�W�L�R�Q �L�V �D �S�U�R�P�L�V�L�Q�J �D�O�W�H�U�Q�D�W�L�Y�H�1�H�W�R�H�W �D�O���>���������@�� �F�O�L�H�Q�W
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�H�W �D�O���>���������@ �F�R�X�O�G �D�O�V�R �D�F�K�L�H�Y�H �I�D�V�W�H�U �F�R�Q�Y�H�U�J�H�Q�F�H�� �:�K�L�O�H
�W�K�H �L�Q�L�W�L�D�O �I�H�G�H�U�D�W�H�G �O�H�D�U�Q�L�Q�J �S�U�R�S�R�V�D�O �F�R�Q�V�L�G�H�U�V �D �X�Q�L�I�R�U�P
�G�L�V�W�U�L�E�X�W�L�R�Q �I�R�U �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �W�K�D�W �D �F�O�L�H�Q�W �S�D�U�W�L�F�L�S�D�W�H�V �L�Q
�W�U�D�L�Q�L�Q�J�0�F�0�D�K�D�Q�H�W �D�O���>���������@�� �F�O�L�H�Q�W �V�H�O�H�F�W�L�R�Q �P�R�G�L�I�L�H�V �W�K�L�V
�O�L�N�H�O�L�K�R�R�G �I�X�Q�F�W�L�R�Q �W�R �U�H�I�O�H�F�W �W�K�H �F�O�L�H�Q�W�¶�V �D�E�L�O�L�W�\ �W�R �V�L�J�Q�L�I�L��
�F�D�Q�W�O�\ �F�R�Q�W�U�L�E�X�W�H �W�R �P�R�G�H�O �W�U�D�L�Q�L�Q�J �L�Q �D �J�O�R�E�D�O �H�S�R�F�K�� �2�Q
�W�K�H �R�W�K�H�U �K�D�Q�G�� �P�R�G�H�O �S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q �O�R�F�D�O�O�\ �D�G�M�X�V�W�V �P�R�G��
�H�O�V �D�I�W�H�U �W�K�H �R�Y�H�U�D�O�O �W�U�D�L�Q�L�Q�J �K�D�V �U�H�D�F�K�H�G �D �S�U�H�G�H�I�L�Q�H�G �S�H�U��
�I�R�U�P�D�Q�F�H �W�K�U�H�V�K�R�O�G�� �,�Q �W�K�L�V �Z�D�\�� �F�O�L�H�Q�W �V�H�O�H�F�W�L�R�Q �L�Q�F�U�H�D�V�H�V
�J�O�R�E�D�O �P�R�G�H�O �S�H�U�I�R�U�P�D�Q�F�H�� �Z�K�L�O�H �S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q �L�Q�F�U�H�D�V�H�V
�O�R�F�D�O �S�H�U�I�R�U�P�D�Q�F�H�� �$�Q�R�W�K�H�U �V�W�U�D�W�H�J�\ �R�I �P�R�G�H�O �S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q
�L�V �F�O�X�V�W�H�U�H�G �)�/�� �Z�K�H�U�H �W�K�H �L�G�H�D �L�V �W�R �G�L�Y�L�G�H �F�O�L�H�Q�W�V �L�Q�W�R �F�O�X�V�W�H�U�V
�W�R �W�U�D�L�Q �P�R�G�H�O�V �Z�L�W�K �V�L�P�L�O�D�U �G�D�W�D �D�Q�G �D�F�K�L�H�Y�H �K�L�J�K�H�U �D�F�F�X�U�D�F�\��
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�W�L�R�Q �V�F�K�H�P�H�V �W�K�D�W �R�S�W�L�P�L�]�H �P�R�G�H�O �F�R�Q�Y�H�U�J�H�Q�F�H �V�S�H�H�G �L�Q �I�H�G�H�U��
�D�W�H�G �O�H�D�U�Q�L�Q�J �H�Q�Y�L�U�R�Q�P�H�Q�W�V�� �6�H�O�H�F�W�L�Q�J �F�O�L�H�Q�W�V �E�D�V�H�G �V�R�O�H�O�\ �R�Q
�G�D�W�D �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�Q�H�V�V �G�H�F�U�H�D�V�H�V �W�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I �H�S�R�F�K�V
�I�R�U �P�R�G�H�O �F�R�Q�Y�H�U�J�H�Q�F�H�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �F�O�L�H�Q�W�V �W�K�D�W �K�D�Y�H �P�R�U�H
�U�H�O�H�Y�D�Q�W �G�D�W�D �I�R�U �W�K�H �S�U�R�E�O�H�P �P�L�J�K�W �K�D�Y�H �D �O�R�Q�J�H�U �W�U�D�L�Q�L�Q�J
�W�L�P�H �I�R�U �H�D�F�K �H�S�R�F�K�� �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �D�P�R�X�Q�W �R�I �G�D�W�D �D�Q�G �F�K�D�U��
�D�F�W�H�U�L�V�W�L�F�V �R�I �W�K�H �K�D�U�G�Z�D�U�H �X�V�H�G�� �2�Q �W�K�H �R�Q�H �K�D�Q�G�� �L�Q�F�U�H�D�V�L�Q�J
�W�K�H �W�L�P�H �E�H�W�Z�H�H�Q �H�S�R�F�K�V �L�P�S�O�L�H�V �D �K�L�J�K�H�U �R�Y�H�U�D�O�O �G�H�O�D�\�� �D�V
�I�H�G�H�U�D�W�H�G �O�H�D�U�Q�L�Q�J �H�Q�Y�L�U�R�Q�P�H�Q�W�V �D�U�H �J�H�Q�H�U�D�O�O�\ �V�\�Q�F�K�U�R�Q�R�X�V
�D�Q�G �Z�D�L�W �I�R�U �D�O�O �F�O�L�H�Q�W�V �W�R �U�H�V�S�R�Q�G �R�U �W�L�P�H �R�X�W�� �2�Q �W�K�H �R�W�K�H�U
�K�D�Q�G�� �V�H�O�H�F�W�L�Q�J �F�O�L�H�Q�W�V �Z�L�W�K �K�L�J�K�H�U �F�R�P�S�X�W�D�W�L�R�Q�D�O �S�R�Z�H�U �W�R
�U�H�G�X�F�H �W�K�H �W�L�P�H �E�H�W�Z�H�H�Q �H�S�R�F�K�V �P�D�\ �L�Q�F�X�U �P�R�U�H �H�S�R�F�K�V �I�R�U
�F�R�Q�Y�H�U�J�H�Q�F�H �L�I �W�K�H �V�H�O�H�F�W�H�G �F�O�L�H�Q�W�V �K�D�Y�H �V�W�D�W�L�V�W�L�F�D�O�O�\ �L�Q�V�L�J�Q�L�I�L��
�F�D�Q�W �G�D�W�D �I�R�U �W�K�H �O�H�D�U�Q�L�Q�J �W�D�V�N�� �7�K�H�U�H �L�V �D �W�U�D�G�H���R�I�I �E�H�W�Z�H�H�Q
�W�K�H �Q�X�P�E�H�U �R�I �H�S�R�F�K�V �I�R�U �P�R�G�H�O �W�U�D�L�Q�L�Q�J �D�Q�G �W�K�H �W�R�W�D�O �W�L�P�H �I�R�U
�H�D�F�K �H�S�R�F�K�� �7�K�X�V�� �W�K�H �D�X�W�K�R�U�V �V�L�P�X�O�W�D�Q�H�R�X�V�O�\ �F�R�Q�V�L�G�H�U �W�K�H
�G�H�Y�L�F�H�V�¶ �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �D�Q�G �W�K�H�L�U �G�D�W�D �G�L�V�W�U�L�E�X�W�L�R�Q �U�H�O�H�Y�D�Q�F�H
�W�R �U�H�G�X�F�H �W�K�H �F�R�Q�Y�H�U�J�H�Q�F�H �W�L�P�H �R�I �W�K�H �J�O�R�E�D�O �P�R�G�H�O�� �:�K�L�O�H
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�S�H�F�W�H�G �Q�X�P�E�H�U �R�I �H�S�R�F�K�V �E�D�V�H�G �R�Q �F�O�L�H�Q�W�V�¶ �S�U�H�Y�L�R�X�V �X�S�G�D�W�H�V��
�/�D�L�H�W �D�O���D�Y�R�L�G�V �W�K�H �O�L�Q�H�D�U �S�U�R�J�U�D�P�P�L�Q�J�� �F�U�H�D�W�L�Q�J �D �V�H�O�H�F�W�L�R�Q
�I�X�Q�F�W�L�R�Q �W�K�D�W �H�Y�D�O�X�D�W�H�V �F�O�L�H�Q�W�V�¶ �W�U�D�L�Q�L�Q�J �O�R�V�V�H�V��
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�L�Q�J �I�R�U �F�O�L�H�Q�W �V�H�O�H�F�W�L�R�Q�� �7�K�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �O�H�D�U�Q�L�Q�J �D�J�H�Q�W �L�V
�W�X�Q�H�G �W�R �V�H�O�H�F�W �W�K�H �E�H�V�W �F�O�L�H�Q�W�V �I�R�U �H�D�F�K �W�U�D�L�Q�L�Q�J �H�S�R�F�K �D�Q�G
�S�U�R�Y�L�G�H �W�K�H �E�H�V�W �V�X�E�V�H�W �R�I �F�O�L�H�Q�W�V �J�L�Y�H�Q �W�K�H �F�X�U�U�H�Q�W �J�O�R�E�D�O
�P�R�G�H�O �V�W�D�W�H�� �7�K�H �V�\�V�W�H�P �H�V�W�L�P�D�W�H�V �F�O�L�H�Q�W�V�¶ �V�W�D�W�L�V�W�L�F�D�O �U�H�O�H��
�Y�D�Q�F�H �W�K�U�R�X�J�K �W�K�H �O�R�V�V �J�U�D�G�L�H�Q�W �Y�H�F�W�R�U �V�H�Q�W �W�R �W�K�H �D�J�J�U�H�J�D�W�L�R�Q
�V�H�U�Y�H�U�� �7�K�L�V �S�U�R�F�H�G�X�U�H �P�D�L�Q�W�D�L�Q�V �W�K�H �S�U�L�Y�D�F�\ �R�I �W�K�H �F�O�L�H�Q�W�¶�V
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�S�U�H�V�H�Q�W�V �W�K�H �V�W�D�W�H���R�I���W�K�H���D�U�W �L�Q �F�O�L�H�Q�W �V�H�O�H�F�W�L�R�Q �D�Q�G �F�R�P�S�D�U�H�V
�W�K�H�L�U �P�D�L�Q �G�L�I�I�H�U�H�Q�F�H�V�� �G�H�P�R�Q�V�W�U�D�W�L�Q�J �W�K�D�W �F�O�L�H�Q�W �V�H�O�H�F�W�L�R�Q �K�D�V
�J�U�H�D�W �S�R�W�H�Q�W�L�D�O �W�R �S�U�R�G�X�F�H �P�R�U�H �D�F�F�X�U�D�W�H �P�R�G�H�O�V �L�Q �I�H�G�H�U�D�W�H�G
�O�H�D�U�Q�L�Q�J �Z�L�W�K �O�H�V�V �W�U�D�L�Q�L�Q�J �W�L�P�H��

�)�H�G�3�U�R�[ �L�V �D �I�U�D�P�H�Z�R�U�N �W�R �U�H�G�X�F�H �W�K�H �H�I�I�H�F�W�V �R�I �V�W�D�W�L�V�W�L�F�D�O
�D�Q�G �V�\�V�W�H�P �K�H�W�H�U�R�J�H�Q�H�L�W�\�/�L�H�W �D�O���>���������@�� �7�K�H �G�L�I�I�H�U�H�Q�F�H
�E�H�W�Z�H�H�Q �)�H�G�3�U�R�[ �D�Q�G �)�H�G�$�9�* �L�V �W�K�H �I�O�H�[�L�E�O�H �D�P�R�X�Q�W �R�I
�Z�R�U�N �W�K�H �F�O�L�H�Q�W�V �S�H�U�I�R�U�P�� �:�K�L�O�H �)�H�G�$�9�* �G�L�V�W�U�L�E�X�W�H�V �D�Q �H�T�X�D�O
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�I�R�U�P�D�Q�F�H �R�Q �R�X�W���R�I���J�U�R�X�S �G�D�W�D�� �U�H�G�X�F�L�Q�J �W�K�H �D�F�F�X�U�D�F�\ �R�I �W�K�H
�2�Y�$ �P�R�G�H�O�� �7�K�L�V �S�D�S�H�U �H�[�W�H�Q�G�V �D �3�R�U�W�X�J�X�H�V�H���Z�U�L�W�W�H�Q �S�D�S�H�U
�S�U�H�Y�L�R�X�V�O�\ �S�X�E�O�L�V�K�H�G�G�H �6�R�X�]�D�H�W �D�O���>���������E�@ �E�\ �H�[�H�F�X�W�L�Q�J �Q�H�Z
�H�[�S�H�U�L�P�H�Q�W�V �D�E�R�X�W �W�K�H �F�R�P�P�X�Q�L�F�D�W�L�R�Q �L�P�S�D�F�W�� �:�H �F�R�Q�V�L�G�H�U
�W�K�H �W�U�D�Q�V�P�L�V�V�L�R�Q �W�L�P�H �D�P�R�Q�J �H�S�R�F�K�V �D�Q�G �K�R�Z �W�K�H �Q�X�P�E�H�U
�R�I �O�D�\�H�U�V �X�V�H�G �W�R �F�O�X�V�W�H�U �L�P�S�D�F�W�V �W�K�H �V�\�V�W�H�P�� �$�O�V�R�� �Z�H �V�K�R�Z
�W�K�D�W �R�X�U �S�U�R�S�R�V�D�O �R�I �X�V�L�Q�J �M�X�V�W �W�K�H �I�L�Q�D�O �O�D�\�H�U �V�L�J�Q�L�I�L�F�D�Q�W�O�\
�U�H�G�X�F�H�V �W�K�H �L�Q�S�X�W �V�L�]�H �W�R �G�H�I�L�Q�H �F�O�X�V�W�H�U�V�� �)�L�Q�D�O�O�\�� �Z�H �D�G�G �D�Q
�H�[�S�H�U�L�P�H�Q�W �F�R�Q�V�L�G�H�U�L�Q�J �D �G�L�V�W�U�L�E�X�W�L�R�Q �J�H�Q�H�U�D�W�H�G �E�\ �W�K�H �/�'�$
�I�X�Q�F�W�L�R�Q�� �Z�K�L�F�K �L�V �D �P�R�U�H �U�H�D�O�L�V�W�L�F �I�R�U�P �W�R �J�H�Q�H�U�D�W�H �Q�R�Q���,�,�'
�G�D�W�D��

�7�D�E�O�H�� �V�X�P�P�D�U�L�]�H�V �W�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �D�Q�G �F�R�P�S�D�U�L�V�R�Q�V �R�I
�D�O�O �U�H�O�D�W�H�G �Z�R�U�N�V�� �:�H �F�O�D�V�V�L�I�\ �W�K�H �Z�R�U�N�V �G�X�H �W�R �W�K�H �V�W�U�D�W�H�J�\
�W�R �U�H�G�X�F�H �K�H�W�H�U�R�J�H�Q�H�L�W�\�� �W�K�H �D�O�J�R�U�L�W�K�P �X�V�H�G�� �W�K�H �D�O�J�R�U�L�W�K�P
�L�Q�S�X�W�� �Z�K�H�W�K�H�U �W�K�H �D�S�S�U�R�D�F�K �L�V �L�W�H�U�D�W�L�Y�H�� �D�Q�G �K�R�Z �P�D�Q�\ �K�L��
�H�U�D�U�F�K�L�F�D�O �O�H�Y�H�O�V �W�K�H�U�H �D�U�H�� �7�K�H �V�W�U�D�W�H�J�L�H�V �W�R �U�H�G�X�F�H �W�U�D�L�Q�L�Q�J
�K�H�W�H�U�R�J�H�Q�H�L�W�\ �D�U�H �F�O�L�H�Q�W �V�H�O�H�F�W�L�R�Q�� �K�L�H�U�D�U�F�K�L�F�D�O �W�U�D�L�Q�L�Q�J�� �P�R�G�H�O
�S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q�� �R�U �F�O�L�H�Q�W �F�O�X�V�W�H�U�L�Q�J�� �%�H�V�L�G�H�V�� �W�K�H�U�H �D�U�H �P�X�O�W�L��
�S�O�H �D�O�J�R�U�L�W�K�P�V �X�V�H�G�� �Z�K�L�F�K �G�H�S�H�Q�G �R�Q �G�L�I�I�H�U�H�Q�W �L�Q�S�X�W�V�� �7�K�H
�D�O�J�R�U�L�W�K�P �D�O�V�R �G�H�W�H�U�P�L�Q�H�V �L�I �W�K�H �V�W�U�D�W�H�J�\ �L�V �L�W�H�U�D�W�L�Y�H�� �5�H�J�D�U�G��
�L�Q�J �W�K�H �F�O�X�V�W�H�U�L�Q�J �O�H�Y�H�O�� �� �P�H�D�Q�V �W�K�D�W �W�K�H �S�U�R�S�R�V�D�O �X�V�H�V �D
�V�L�Q�J�O�H �J�O�R�E�D�O �P�R�G�H�O�� �D�Q�G �� �W�K�H �S�U�R�S�R�V�D�O �K�D�V �F�O�X�V�W�H�U�V �Z�K�H�U�H
�H�D�F�K �R�Q�H �K�D�V �D �F�O�X�V�W�H�U �J�O�R�E�D�O �P�R�G�H�O�� �0�X�O�W�L�S�O�H �R�U �� �F�O�X�V�W�H�U�L�Q�J
�O�H�Y�H�O�V �P�H�D�Q �W�K�D�W �W�K�H �F�O�X�V�W�H�U �F�D�Q �E�H �G�L�Y�L�G�H�G �L�Q�W�R �R�Q�H �R�U �P�R�U�H
�V�X�E���F�O�X�V�W�H�U�V��

�� �7�K�H �$�7�+�(�1�$���)�/ �6�\�V�W�H�P

�$�7�+�(�1�$���)�/ �L�V �D �I�H�G�H�U�D�W�H�G �O�H�D�U�Q�L�Q�J �V�\�V�W�H�P �I�R�U �W�U�D�L�Q�L�Q�J
�P�R�G�H�O�V �H�Q�V�X�U�L�Q�J �G�D�W�D �S�U�L�Y�D�F�\�� �2�X�U �V�\�V�W�H�P �U�H�O�L�H�V �R�Q �D �V�H�W
�R�I �F�O�L�H�Q�W�V �F�O�X�V�W�H�U�H�G �D�F�F�R�U�G�L�Q�J �W�R �G�D�W�D �V�L�P�L�O�D�U�L�W�\�� �&�O�L�H�Q�W �F�O�X�V��
�W�H�U�L�Q�J �D�O�O�R�Z�V �W�K�H �W�U�D�L�Q�L�Q�J �R�I �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �P�R�G�H�O�V �P�R�U�H
�H�I�I�L�F�L�H�Q�W�O�\ �W�K�D�Q �W�K�H �L�Q�L�W�L�D�O �I�H�G�H�U�D�W�H�G �O�H�D�U�Q�L�Q�J �S�U�R�S�R�V�D�O�0�F�0�D��
�K�D�Q�H�W �D�O���>���������@ �X�Q�G�H�U �Q�R�Q���,�,�' �G�D�W�D �G�L�V�W�U�L�E�X�W�L�R�Q�V�� �L�Q�F�U�H�D�V�L�Q�J
�W�K�H �I�L�Q�D�O �D�F�F�X�U�D�F�\ �D�Q�G �U�H�G�X�F�L�Q�J �W�K�H �W�R�W�D�O �H�S�R�F�K�V �I�R�U �P�R�G�H�O
�F�R�Q�Y�H�U�J�H�Q�F�H�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �F�O�X�V�W�H�U�L�Q�J �F�U�H�D�W�H�V �V�S�H�F�L�I�L�F �P�R�G��
�H�O�V�� �Z�K�L�F�K �X�V�X�D�O�O�\ �F�D�Q �R�Q�O�\ �F�O�D�V�V�L�I�\ �V�D�P�S�O�H�V �J�H�Q�H�U�D�W�H�G �I�U�R�P
�W�K�H �V�D�P�H �F�O�X�V�W�H�U�� �7�K�X�V�� �Z�H �S�U�R�S�R�V�H �W�K�H �D�G�R�S�W�L�R�Q �R�I �W�K�H �R�Q�H��
�Y�H�U�V�X�V���D�O�O ���2�Y�$�� �P�R�G�H�O �W�R �V�K�D�U�H �P�R�G�H�O�V �W�U�D�L�Q�H�G �R�Q �G�L�I�I�H�U�H�Q�W

�F�O�X�V�W�H�U�V �D�Q�G �W�R �F�U�H�D�W�H �J�H�Q�H�U�L�F �P�R�G�H�O�V�� �7�K�H �2�Y�$ �O�H�D�U�Q�L�Q�J
�P�R�G�H�O �F�R�Q�V�L�V�W�V �R�I �W�U�D�L�Q�L�Q�J �E�L�Q�D�U�\ �G�H�W�H�F�W�R�U�V �I�R�U �H�D�F�K �G�D�W�D �O�D��
�E�H�O�� �(�D�F�K �G�H�W�H�F�W�R�U �J�L�Y�H�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �W�K�D�W �D �V�D�P�S�O�H �E�H�O�R�Q�J�V
�W�R �L�W�V �F�O�D�V�V�� �6�L�Q�F�H �W�K�H�\ �H�[�H�F�X�W�H �D �E�L�Q�D�U�\ �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �W�K�H�L�U
�W�U�D�L�Q�L�Q�J �S�U�R�F�H�V�V �L�V �H�D�V�L�H�U �D�Q�G �F�R�Q�Y�H�U�J�H�V �I�D�V�W�H�U �W�K�D�Q �D �G�H�H�S
�Q�H�X�U�D�O �Q�H�W�Z�R�U�N �I�R�U �P�X�O�W�L���F�O�D�V�V �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �:�H �F�R�P�E�L�Q�H
�W�K�H �G�H�W�H�F�W�R�U�V �D�Q�G �W�D�N�H �W�K�H �R�Q�H �W�K�D�W �S�U�R�Y�L�G�H�V �W�K�H �J�U�H�D�W�H�V�W �S�U�R�E��
�D�E�L�O�L�W�\ �W�R �D�V�V�L�J�Q �D �V�D�P�S�O�H �S�U�H�G�L�F�W�H�G �O�D�E�H�O�� �)�L�J�X�U�H�� �G�L�V�S�O�D�\�V
�W�K�H �V�W�H�S�V �S�U�R�S�R�V�H�G �I�R�U �H�[�H�F�X�W�L�Q�J �W�K�H �V�\�V�W�H�P��

������ �3�U�R�E�O�H�P �)�R�U�P�X�O�D�W�L�R�Q

�:�H �D�V�V�X�P�H �D �I�H�G�H�U�D�W�H�G �O�H�D�U�Q�L�Q�J �V�F�H�Q�D�U�L�R �Z�L�W�K �K�R�U�L�]�R�Q�W�D�O
�G�D�W�D �G�L�V�W�U�L�E�X�W�L�R�Q �W�K�D�W �W�K�H �F�O�X�V�W�H�U�V �D�U�H �I�R�U�P�H�G �K�R�P�R�J�H�Q�H�R�X�V�O�\��
�W�K�H�U�H�I�R�U�H�� �F�O�L�H�Q�W�V �K�D�Y�H �V�L�P�L�O�D�U �V�D�P�S�O�H�V �R�I �W�K�H �V�D�P�H �F�O�D�V�V�H�V��
�7�K�H �J�U�R�X�S �W�U�D�L�Q�V �G�H�W�H�F�W�R�U�V �I�R�U �D�O�O �H�[�L�V�W�L�Q�J �F�O�D�V�V�H�V �L�Q �W�K�H �F�O�L�H�Q�W
�G�D�W�D�V�H�W�V�� �,�Q �D�G�G�L�W�L�R�Q�� �W�K�H �V�H�U�Y�H�U �W�R�J�H�W�K�H�U �Z�L�W�K �W�K�H �F�O�L�H�Q�W�V
�X�Q�L�T�X�H�O�\ �L�G�H�Q�W�L�I�L�H�V �H�[�L�V�W�L�Q�J �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �W�D�V�N�V �D�Q�G �O�D�E�H�O�V�� �,�Q
�W�K�L�V �Z�D�\�� �Q�H�Z �F�O�D�V�V�H�V �F�D�Q �E�H �L�Q�F�R�U�S�R�U�D�W�H�G �L�Q�W�R �W�K�H �V�\�V�W�H�P
�Z�L�W�K�R�X�W �O�R�V�V �R�I �J�H�Q�H�U�D�O�L�W�\ �L�Q �U�H�O�D�W�L�R�Q �W�R �H�[�L�V�W�L�Q�J �P�R�G�H�O�V�� �)�X�U��
�W�K�H�U�P�R�U�H�� �W�K�H�U�H �D�U�H �Q�R �H�T�X�D�O �O�D�E�H�O�V �I�R�U �V�D�P�S�O�H�V �E�H�O�R�Q�J�L�Q�J �W�R
�G�L�I�I�H�U�H�Q�W �F�O�D�V�V�H�V �L�Q �W�K�H �V�\�V�W�H�P �E�H�I�R�U�H �J�U�R�X�S�L�Q�J�� �7�K�H�U�H�I�R�U�H��
�R�X�U �Q�R�Q���,�,�' �W�H�V�W�V �D�U�H �E�D�V�H�G �R�Q �W�K�H �O�D�E�H�O �G�L�V�W�U�L�E�X�W�L�R�Q �V�N�H�Z
�V�F�H�Q�D�U�L�R�V��

�:�H �F�O�X�V�W�H�U �F�O�L�H�Q�W�V �E�D�V�H�G �R�Q �W�K�H�L�U �G�D�W�D �V�L�P�L�O�D�U�L�W�\ �W�R �U�H�G�X�F�H
�Q�R�Q���,�,�' �H�I�I�H�F�W�V �G�X�U�L�Q�J �W�K�H �W�U�D�L�Q�L�Q�J�� �$�7�+�(�1�$���)�/ �X�V�H�V �W�K�H
�Z�H�L�J�K�W�V �R�I �W�K�H �O�D�V�W �O�D�\�H�U �D�V �L�Q�S�X�W �I�R�U �D �F�O�X�V�W�H�U�L�Q�J �D�O�J�R�U�L�W�K�P��
�Z�K�L�F�K �D�V�V�L�J�Q�V �F�O�L�H�Q�W�V �W�R �R�Q�H �R�I �W�K�HG �F�O�X�V�W�H�U�V��

�$�7�+�(�1�$���)�/ �X�V�H�V �R�Q�H �G�H�W�H�F�W�R�U �S�H�U �F�O�D�V�V�� �7�K�X�V�� �L�Q�V�W�H�D�G �R�I
�P�L�Q�L�P�L�]�L�Q�J �D �V�L�Q�J�O�H �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q�� �R�X�U �V�\�V�W�H�P �P�L�Q�L�P�L�]�H�V
�W�K�H �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �H�U�U�R�U �I�R�U �H�D�F�K �G�H�W�H�F�W�R�Ur k �E�\ �D�G�M�X�V�W�L�Q�J �W�K�H
�S�D�U�D�P�H�W�H�Uwk ��
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�Z�K�H�U�Hr k (wk ) �L�V �W�K�H �G�H�W�H�F�W�R�U �R�I �W�K�Hk���W�K �F�O�D�V�V��pkn �L�V �W�K�H
�Z�H�L�J�K�W �R�I �W�K�Hn���W�K �F�O�L�H�Q�W �G�X�U�L�Q�J �W�K�Hk���W�K �G�H�W�H�F�W�R�U�¶�V �W�U�D�L�Q�L�Q�J��
�)�L�Q�D�O�O�\��Fkn (wk ) �L�V �W�K�H �O�R�F�D�O �R�E�M�H�F�W�L�Y�H �I�R�U �W�K�Hn���W�K �F�O�L�H�Q�W �W�R
�W�K�Hk���W�K �G�H�W�H�F�W�R�U��

������ �'�D�W�D �6�L�P�L�O�D�U�L�W�\���E�D�V�H�G �&�O�L�H�Q�W�V �&�O�X�V�W�H�U�L�Q�J

�,�Q�L�W�L�D�O�O�\�� �W�K�H �V�\�V�W�H�P �D�U�U�D�Q�J�H �F�O�L�H�Q�W�V �L�Q�W�R �F�O�X�V�W�H�U�V �D�F�F�R�U�G�L�Q�J
�W�R �W�K�H �G�D�W�D �V�L�P�L�O�D�U�L�W�\�� �7�K�L�V �V�W�H�S �S�U�R�G�X�F�H�V �F�O�X�V�W�H�U�V �L�Q �Z�K�L�F�K
�W�K�H �W�U�D�L�Q�L�Q�J �G�D�W�D �D�U�H �L�Q�G�H�S�H�Q�G�H�Q�W �D�Q�G �L�G�H�Q�W�L�F�D�O�O�\ �G�L�V�W�U�L�E�X�W�H�G��
�,�,�' �G�D�W�D�V�H�W�V �I�D�F�L�O�L�W�D�W�H �P�R�G�H�O �F�R�Q�Y�H�U�J�H�Q�F�H �D�Q�G �L�Q�F�U�H�D�V�H �I�L�Q�D�O
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H�:�D�Q�J�H�W �D�O���>���������E�@�� �1�H�Y�H�U�W�K�H�O�H�V�V��
�W�R �P�D�L�Q�W�D�L�Q �W�K�H �S�U�L�Y�D�F�\ �D�V�V�X�P�S�W�L�R�Q�V �R�I �)�H�G�H�U�D�W�H�G �/�H�D�U�Q�L�Q�J��
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�W�K�H �R�X�W�S�X�W �D�O�O �F�O�L�H�Q�W�V �D�U�H �F�R�U�U�H�F�W�O�\ �D�V�V�L�J�Q�H�G �W�R �W�K�H �H�[�S�H�F�W�H�G
�F�O�X�V�W�H�U�V��

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

������ �$�F�F�X�U�D�F�\ �(�Y�D�O�X�D�W�L�R�Q

�:�H �H�Y�D�O�X�D�W�H �$�7�+�(�1�$���)�/ �R�Q �,�,�' �D�Q�G �Q�R�Q���,�,�' �G�D�W�D �G�L�V�W�U�L��
�E�X�W�L�R�Q�V�� �7�K�H �Q�R�Q���,�,�' �G�D�W�D �G�L�V�W�U�L�E�X�W�L�R�Q�V �D�U�H �F�R�Q�V�L�G�H�U�H�G �L�Q �W�Z�R
�V�F�H�Q�D�U�L�R�V�� �L�Q �W�K�H �I�L�U�V�W �R�Q�H �H�D�F�K �F�O�L�H�Q�W �K�D�V �V�D�P�S�O�H�V �R�I �R�Q�O�\ �W�Z�R
�F�O�D�V�V�H�V �R�I �W�K�H �G�D�W�D�V�H�W�� �D�Q�G �W�K�H �V�H�F�R�Q�G �F�R�Q�V�L�G�H�U�V �F�O�L�H�Q�W�V �Z�L�W�K
�V�D�P�S�O�H�V �R�I �I�L�Y�H �G�L�I�I�H�U�H�Q�W �F�O�D�V�V�H�V��
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