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Abstract

The expansion of offshore wind farms in the North Sea is significantly impacting maritime safety. This

expansion leads to more ships being present near infrastructure, thereby increasing the likelihood of

collisions. In cases where ships become adrift and lose their ability to navigate, they are at an increased

risk of colliding with nearby structures. The nautical term for this type of collision is allision. It refers to

when a ship crashes or runs into a structure or another ship that is stationary. The consequences of such

allisions can be severe, including loss of life, damage to property and cargo, and environmental pollution.

There are methods to prevent such accidents through monitoring and preventive measures. However,

monitoring poses a significant challenge for the limited number of operators within the Dutch Coast Guard,

and an Emergency Response Towing Vessel (ERTV) is the only external measure in place to prevent a

drifting ship from alliding with a wind farm. Moreover, there is no established framework to optimise the

deployment of ERTVs, which limits its effectiveness. To effectively manage the expansion of offshore wind

farms in terms of maritime safety, Rijkswaterstaat, the executive agency of the Ministry of Infrastructure

and Water Management, must minimise the risk of allisions. For risk-reducing purposes, this includes

gaining a comprehensive understanding of the integral image of drifting ship allision risks across the Dutch

North Sea region. This understanding must be valid, reliable, and provide the necessary insights, such

as how dynamic factors like weather conditions and shipping activity affect these risks. However, the

work of Ellis et al. (2008) highlights significant transparency issues and a heavy reliance on assumptions

in state-of-the-art methods for estimating the probability of drifting ship allisions. These issues result in

variations in the estimated return periods between different methods by up to a factor of seven. Exploring

these state-of-the-art methods revealed that several assumptions made in these methods can not be

validated. Moreover, each state-of-the-art method results in an allision occurrence rate estimate specific to

each wind turbine and offers little insight for risk-reducing purposes on a North Sea scale. To achieve a

valid, reliable, and insightful integral image of drifting ship allision risks across the Dutch North Sea region,

risk assessment methods must be substantiated from the core of the incident: a shipôs drift trajectory. This

led to the exploration of a trajectory prediction-based approach for determining allision probabilities. This

approach is summarised in the main research question: How does a trajectory prediction-based estimation

method improve our understanding of the integral image of drifting ship allision probabilities in the Dutch

North Sea region to provide well-substantiated insights for risk-reducing measures?

The ship drift trajectory prediction model OpenDrift has been chosen for this study due to its high accessibility

and relatively simple approach to simulating trajectories. An analysis of how this model estimates a shipôs

drift trajectory yielded several insights, which concluded that accurately predicting a shipôs trajectory

requires knowledge of all three forces: wind, wave, and current. This conclusion is supported by the

analysis of a real-world case, which could only be replicated with the exact combination of forces present

at the time of the incident. Excluding any of these forces resulted in predictions that significantly deviated

from the actual trajectory.

Figure 1: Methodology structure

Following this, a method was developed to es-

timate the probability of allision, denoted as

Pallision in Figure 1. The primary component

of this method is Pdrift: the probability that

an arbitrary drifting ship allides with a wind

farm, considering all possible environmental

conditions. In this study, Pdrift is determined

by conducting multiple OpenDrift simulations,

and subsequently calculating Psimðthe prob-

ability of an allision in a single OpenDrift simu-

lationðnumerous times for all possible combinations of wind, wave, and current forces with occurrence

rate (Penv) based on 10 years of historic data. Since each OpenDrift simulation is specific to a shipôs

geometry, the procedure must be repeated across different classifications of ships. The resulting allision
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probability for a specific starting location of a shipôs drift is then calculated by multiplying Pdrift by a shipping

density value of the considered location, representing the probability of presence of an adrift ship. In this

study, Pallision does not reflect an actual allision occurrence rate but serves as a comparative value across

different locations.

In simulating trajectories for the calculation of Pdrift, it is assumed that the wind and waves remain constant

throughout a shipôs drift trajectory. Each combination of wind and wave conditions is simulated for multiple

starting times along a current cycle. The consistency of Pdrift results with those derived from simulations

conducted using time-varying hindcast data validates the approach of keeping wind and wave conditions

constant throughout a shipôs drift trajectory for the Pdrift definition in this study. Furthermore, it has been

observed that including the current is essential, as excluding it leads to Pdrift values that significantly

deviate from the results of simulations conducted with time-varying hindcast data. Around the Hollandse

Kust West wind farm, significant differences are consistently observed in the Pdrift values. In the context

of our definition of Pdrift, it becomes apparent that two common assumptions in state-of-the-art methods

are unjustified: (1) the assumption that the ship moves in a purely lateral direction, and (2) the estimation

of the current as a uniform speed in the wind direction.

The probability of allision (Pallision) is estimated for this study for the wind farm areas Hollandse Kust West

and Hollandse Kust Zuid. The results indicate that Hollandse Kust West has the highest allision probability,

both overall and for specific wind direction ranges. Furthermore, the greatest contribution to the overall

probability for all wind farms comes from the southwest, as winds from this direction occur more frequently

and are on average stronger than those from other directions. A more detailed analysis of the influence of

current for a specific wind direction range revealed that the highest probabilities are not necessarily found

in the area corresponding to the range from which the wind originates. Different current segments lead to

varied distributions of the allision probability level around a wind farm, and the time required to reach a

particular probability level also varies across these segments.

The analysis of Pallision across multiple wind farms showed significant advantages of the established

method. This method provides detailed insights into the origins of potential threats and the time available to

respond at a given probability of allision, and can be easily extended to multiple wind farms. Furthermore,

the method offers detailed insights for specific environmental conditions, such as wind directions and

current segments. This information is invaluable for optimising risk-reducing measures, such as monitoring

and the strategic deployment of ERTVs. Moreover, this information can serve as a basis for dynamic

strategies, including repositioning of ERTVs and the implementation of rerouting strategies.

Overall, the assumptions in state-of-the-art methods might not sufficiently capture the risks associated with

drifting ships. The established method broadens the ability to improve monitoring accuracy and optimise

the positioning of ERTVs, even for specific environmental conditions. As a next step, this method should

be extended to estimate actual risk levels by considering the potential consequences of an allision. With

this approach, decision-making regarding allision threats can be contextualised alongside other maritime

safety risks, facilitating the development of a robust risk mitigation strategy that enables Rijkswaterstaat to

responsibly exploit the abundant potential the North Sea has to offer.
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�������������6�M�W�O �S�J �G�S�P�P�M�W�M�S�R �E�G�V�S�W�W �X�L�I �2�S�V�X�L �7�I�E
�&�R�O�O�L�V�L�R�Q�V �E�H�W�Z�H�H�Q �V�K�L�S�V �D�Q�G �P�D�U�L�Q�H �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �F�D�Q �K�D�Y�H �V�H�U�L�R�X�V �F�R�Q�V�H�T�X�H�Q�F�H�V�� �L�Q�F�O�X�G�L�Q�J �O�R�V�V �R�I �O�L�I�H��
�G�D�P�D�J�H �W�R �S�U�R�S�H�U�W�\ �D�Q�G �F�D�U�J�R�� �D�Q�G �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �S�R�O�O�X�W�L�R�Q�� �7�K�H�V�H �F�R�O�O�L�V�L�R�Q�V �F�D�Q �R�F�F�X�U �L�Q �W�Z�R �Z�D�\�V�� �E�\
�U�D�P�P�L�Q�J �R�U �E�\ �G�U�L�I�W�L�Q�J�� �5�D�P�P�L�Q�J �F�R�O�O�L�V�L�R�Q�V �U�H�V�X�O�W �I�U�R�P �Q�D�Y�L�J�D�W�L�R�Q�D�O �H�U�U�R�U�V�� �V�X�F�K �D�V �L�Q�V�X�I�I�L�F�L�H�Q�W �L�Q�I�R�U�P�D�W�L�R�Q��
�S�R�R�U �Y�L�V�L�E�L�O�L�W�\�� �D�Q �X�Q�P�D�Q�Q�H�G �E�U�L�G�J�H �R�U �V�L�P�L�O�D�U �I�D�F�W�R�U�V�� �'�U�L�I�W�L�Q�J �F�R�O�O�L�V�L�R�Q�V �R�F�F�X�U �Z�K�H�Q �D �V�K�L�S �Q�H�D�U �P�D�U�L�Q�H
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H �H�[�S�H�U�L�H�Q�F�H�V �S�U�R�E�O�H�P�V �Z�L�W�K �L�W�V �S�U�R�S�X�O�V�L�R�Q �R�U �V�W�H�H�U�L�Q�J �J�H�D�U ���L���H�� �D �E�O�D�F�N�R�X�W���� �$�V �W�K�H �V�K�L�S
�J�U�D�G�X�D�O�O�\ �O�R�V�H�V �F�R�Q�W�U�R�O �D�Q�G �V�S�H�H�G�� �L�W �E�H�F�R�P�H�V �V�X�E�M�H�F�W�H�G �W�R �Z�L�Q�G�� �Z�D�Y�H �D�Q�G �F�X�U�U�H�Q�W �I�R�U�F�H�V�� �7�K�L�V �I�R�U�F�L�Q�J
�H�Q�Y�L�U�R�Q�P�H�Q�W �P�D�\ �S�X�V�K �L�W �W�R�Z�D�U�G�V �P�D�U�L�Q�H �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �7�K�H �Q�D�X�W�L�F�D�O �W�H�U�P �I�R�U �W�K�L�V �W�\�S�H �R�I �F�R�O�O�L�V�L�R�Q �L�V�D�O�O�L�V�L�R�Q��
�,�W �U�H�I�H�U�V �W�R �Z�K�H�Q �D �V�K�L�S �F�U�D�V�K�H�V �R�U �U�X�Q�V �L�Q�W�R �D �V�W�U�X�F�W�X�U�H �R�U �D�Q�R�W�K�H�U �V�K�L�S �W�K�D�W �L�V �V�W�D�W�L�R�Q�D�U�\�� �(�Y�H�U�\ �\�H�D�U��
�W�H�Q�V �R�I �V�K�L�S�V �H�[�S�H�U�L�H�Q�F�H �D �E�O�D�F�N�R�X�W �L�Q �W�K�H �1�R�U�W�K �6�H�D�� �I�R�U�W�X�Q�D�W�H�O�\ �P�R�V�W �R�I �W�K�H�P �Z�L�W�K �D �K�D�U�P�O�H�V�V �R�X�W�F�R�P�H
���+�H�U�P�D�Q�V �H�W �D�O���� ������������ �+�R�Z�H�Y�H�U�� �W�K�H�U�H �D�U�H �H�[�F�H�S�W�L�R�Q�V�� �2�Q ���� �-�D�Q�X�D�U�\ ���������� �W�K�H �V�K�L�S �-�X�O�L�H�W�W�D �' �D�O�O�L�G�H�G
�Z�L�W�K �W�K�H �R�L�O �W�D�Q�N�H�U �3�H�F�K�R�U�D �6�W�D�U �G�X�H �W�R �L�W�V �G�U�D�J�J�L�Q�J �D�Q�F�K�R�U�� �Z�K�L�F�K �I�D�L�O�H�G �W�R �N�H�H�S �L�W �L�Q �S�O�D�F�H��
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�)�R�O�O�R�Z�L�Q�J �W�K�L�V �D�O�O�L�V�L�R�Q�� �W�K�H �-�X�O�L�H�W�W�D �' �O�R�V�W �L�W�V �D�Q�F�K�R�U �D�Q�G�� �Z�K�L�O�H �D�G�U�L�I�W�� �D�O�O�L�G�H�G �Z�L�W�K �D �Z�L�Q�G �W�X�U�E�L�Q�H �I�R�X�Q�G�D�W�L�R�Q
�D�Q�G �D �W�U�D�Q�V�I�R�U�P�H�U �S�O�D�W�I�R�U�P�� �7�K�L�V �L�Q�F�L�G�H�Q�W �K�L�J�K�O�L�J�K�W�V �W�K�H �S�R�W�H�Q�W�L�D�O �U�L�V�N �R�I �V�K�L�S�V �G�U�L�I�W�L�Q�J �X�Q�F�R�Q�W�U�R�O�O�D�E�O�\ �L�Q �W�K�H
�1�R�U�W�K �6�H�D ���.�X�V�W�Z�D�F�K�W�� ������������

�7�K�H �L�Q�F�U�H�D�V�L�Q�J �D�F�W�L�Y�L�W�\ �L�Q �W�K�H �1�R�U�W�K �6�H�D �U�H�V�X�O�W�V �L�Q �P�R�U�H �V�K�L�S�V �E�H�L�Q�J �S�U�H�V�H�Q�W �Q�H�D�U �P�D�U�L�Q�H �L�Q�I�U�D�V�W�U�X�F�W�X�U�H��
�7�K�L�V �F�R�Q�W�U�L�E�X�W�H�V �W�R �W�K�H �U�L�V�N �R�I �D�O�O�L�V�L�R�Q�V �L�Q�Y�R�O�Y�L�Q�J �G�U�L�I�W�L�Q�J �V�K�L�S�V �D�V �L�W �L�Q�F�U�H�D�V�H�V �W�K�H �O�L�N�H�O�L�K�R�R�G �R�I �D�Q �D�G�U�L�I�W �V�K�L�S
�E�H�L�Q�J �S�X�V�K�H�G �W�R�Z�D�U�G�V �D �V�W�U�X�F�W�X�U�H�� �7�K�H �U�H�V�S�R�Q�V�L�E�L�O�L�W�\ �I�R�U �P�R�Q�L�W�R�U�L�Q�J �D�Q�G �S�U�H�Y�H�Q�W�L�Q�J �W�K�H�V�H �D�F�F�L�G�H�Q�W�V �O�L�H�V
�Z�L�W�K �W�K�H �'�X�W�F�K �&�R�D�V�W �*�X�D�U�G�� �7�K�H�L�U �D�S�S�U�R�D�F�K �L�V �W�R �F�R�Q�W�L�Q�X�R�X�V�O�\ �P�R�Q�L�W�R�U �W�U�D�I�I�L�F �L�Q �W�K�H �1�R�U�W�K �6�H�D�� �:�K�H�Q
�D �V�K�L�S �E�H�F�R�P�H�V �D�G�U�L�I�W�� �W�K�H�\ �G�H�S�O�R�\ �W�K�H�L�U �U�H�V�R�X�U�F�H�V �Z�K�H�U�H �Q�H�F�H�V�V�D�U�\�� �$�Q �L�P�S�R�U�W�D�Q�W �F�K�D�O�O�H�Q�J�H �L�Q �W�K�L�V
�F�R�Q�W�H�[�W �L�V �W�K�H �H�[�S�D�Q�V�L�R�Q �R�I �P�D�U�L�Q�H �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �F�R�P�E�L�Q�H�G �Z�L�W�K �W�K�H �K�L�J�K �O�H�Y�H�O �R�I �D�F�W�L�Y�L�W�\ �L�Q �W�K�H �1�R�U�W�K
�6�H�D�� �S�X�W�W�L�Q�J �S�U�H�V�V�X�U�H �R�Q �W�K�H �F�D�S�D�F�L�W�L�H�V �R�I �W�K�H �O�L�P�L�W�H�G �Q�X�P�E�H�U �R�I �R�S�H�U�D�W�R�U�V �R�I �W�K�H �'�X�W�F�K �&�R�D�V�W �*�X�D�U�G�� �,�Q
�W�H�U�P�V �R�I �U�H�V�R�X�U�F�H �G�H�S�O�R�\�P�H�Q�W�� �W�K�H �(�P�H�U�J�H�Q�F�\ �5�H�V�S�R�Q�V�H �7�R�Z�L�Q�J �9�H�V�V�H�O ���(�5�7�9�� �L�V �F�X�U�U�H�Q�W�O�\ �W�K�H �R�Q�O�\
�H�[�W�H�U�Q�D�O �P�H�D�V�X�U�H �W�R �S�U�H�Y�H�Q�W �D �V�K�L�S �D�G�U�L�I�W �I�U�R�P �D�Q �D�O�O�L�V�L�R�Q�� �+�R�Z�H�Y�H�U�� �L�W�V �G�H�S�O�R�\�P�H�Q�W �O�D�F�N�V �R�I �D�Q �H�V�W�D�E�O�L�V�K�H�G
�I�U�D�P�H�Z�R�U�N �V�X�F�K �D�V �D�G�M�X�V�W�L�Q�J �L�W�V �S�R�V�L�W�L�R�Q �W�R �F�K�D�Q�J�L�Q�J �I�D�F�W�R�U�V �V�X�F�K �D�V �Z�H�D�W�K�H�U �F�R�Q�G�L�W�L�R�Q�V �D�Q�G �V�K�L�S�S�L�Q�J
�S�D�W�W�H�U�Q�V ���'�X�X�U�V�P�D �H�W �D�O���� ������������ �7�R �P�D�L�Q�W�D�L�Q �F�X�U�U�H�Q�W �V�D�I�H�W�\ �V�W�D�Q�G�D�U�G�V�� �H�V�S�H�F�L�D�O�O�\ �L�Q �D�Q�W�L�F�L�S�D�W�L�R�Q �R�I �I�X�W�X�U�H
�G�H�Y�H�O�R�S�P�H�Q�W�V�� �5�L�M�N�V�Z�D�W�H�U�V�W�D�D�W �V�K�R�X�O�G �H�Y�D�O�X�D�W�H �D�Q�G�� �Z�K�H�U�H �Q�H�F�H�V�V�D�U�\�� �L�P�S�U�R�Y�H �P�R�Q�L�W�R�U�L�Q�J �F�D�S�D�E�L�O�L�W�L�H�V
�D�Q�G �D�Y�D�L�O�D�E�O�H �D�V�V�H�W�V �W�R �P�L�Q�L�P�L�V�H �W�K�H �U�L�V�N �R�I �D�O�O�L�V�L�R�Q�V��

�������������4�V�S�F�P�I�Q �W�X�E�X�I�Q�I�R�X
�7�R �H�I�I�H�F�W�L�Y�H�O�\ �P�D�Q�D�J�H �W�K�H �H�[�S�D�Q�V�L�R�Q �R�I �R�I�I�V�K�R�U�H �Z�L�Q�G �I�D�U�P�V�� �L�W �L�V �F�U�X�F�L�D�O �W�R �J�D�L�Q �D �W�K�R�U�R�X�J�K �X�Q�G�H�U�V�W�D�Q�G�L�Q�J
�R�I �W�K�H �D�O�O�L�V�L�R�Q �U�L�V�N�V �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �G�U�L�I�W�L�Q�J �V�K�L�S�V �D�F�U�R�V�V �W�K�H �1�R�U�W�K �6�H�D�� �7�K�L�V �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �G�H�S�H�Q�G�V �R�Q
�D�F�F�X�U�D�W�H�O�\ �H�V�W�L�P�D�W�L�Q�J �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �V�K�L�S�V �E�H�F�R�P�L�Q�J �D�G�U�L�I�W�� �W�K�H�L�U �S�R�W�H�Q�W�L�D�O �O�R�F�D�W�L�R�Q�V�� �D�Q�G �W�K�H �O�L�N�H�O�L�K�R�R�G
�D �V�K�L�S�¶�V �G�U�L�I�W �P�R�W�L�R�Q �U�H�V�X�O�W�V �L�Q �D�Q �D�O�O�L�V�L�R�Q�� �+�R�Z�H�Y�H�U�� �W�K�H �Z�R�U�N �R�I �(�O�O�L�V �H�W �D�O�� ������������ �K�L�J�K�O�L�J�K�W�V �V�L�J�Q�L�I�L�F�D�Q�W
�W�U�D�Q�V�S�D�U�H�Q�F�\ �L�V�V�X�H�V �D�Q�G �D �K�H�D�Y�\ �U�H�O�L�D�Q�F�H �R�Q �D�V�V�X�P�S�W�L�R�Q�V �L�Q �V�W�D�W�H���R�I���W�K�H���D�U�W �P�H�W�K�R�G�V �I�R�U �H�V�W�L�P�D�W�L�Q�J �W�K�L�V
�S�U�R�E�D�E�L�O�L�W�\�� �7�K�H�V�H �L�V�V�X�H�V �U�H�V�X�O�W �L�Q �Y�D�U�L�D�W�L�R�Q�V �L�Q �W�K�H �H�V�W�L�P�D�W�H�G �U�H�W�X�U�Q �S�H�U�L�R�G�V �E�H�W�Z�H�H�Q �G�L�I�I�H�U�H�Q�W �P�H�W�K�R�G�V
�E�\ �X�S �W�R �D �I�D�F�W�R�U �R�I �V�H�Y�H�Q�� �)�R�U �U�L�V�N���U�H�G�X�F�L�Q�J �S�X�U�S�R�V�H�V�� �L�W �L�V �H�V�V�H�Q�W�L�D�O �W�R �H�V�W�D�E�O�L�V�K �D�Q �L�Q�W�H�J�U�D�O �L�P�D�J�H
�R�I �G�U�L�I�W�L�Q�J �V�K�L�S �D�O�O�L�V�L�R�Q �U�L�V�N�V �D�F�U�R�V�V �W�K�H �'�X�W�F�K �1�R�U�W�K �6�H�D �U�H�J�L�R�Q �W�K�D�W �L�V �Y�D�O�L�G�� �U�H�O�L�D�E�O�H�� �D�Q�G �S�U�R�Y�L�G�H�V �W�K�H
�Q�H�F�H�V�V�D�U�\ �L�Q�V�L�J�K�W�V�� �V�X�F�K �D�V �K�R�Z �G�\�Q�D�P�L�F �I�D�F�W�R�U�V �O�L�N�H �Z�H�D�W�K�H�U �F�R�Q�G�L�W�L�R�Q�V �D�Q�G �V�K�L�S�S�L�Q�J �D�F�W�L�Y�L�W�\ �D�I�I�H�F�W
�W�K�H�V�H �U�L�V�N�V�� �7�K�L�V �F�R�P�S�U�H�K�H�Q�V�L�Y�H �L�Q�V�L�J�K�W �Z�L�O�O �H�Q�D�E�O�H �5�L�M�N�V�Z�D�W�H�U�V�W�D�D�W �W�R �R�S�W�L�P�L�V�H �P�R�Q�L�W�R�U�L�Q�J �S�U�R�F�H�G�X�U�H�V
�D�Q�G �W�K�H �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �R�I �S�U�H�Y�H�Q�W�L�Y�H �P�H�D�V�X�U�H�V�� �7�R �D�F�K�L�H�Y�H �W�K�L�V�� �U�L�V�N �D�V�V�H�V�V�P�H�Q�W �P�H�W�K�R�G�V �P�X�V�W �E�H
�V�X�E�V�W�D�Q�W�L�D�W�H�G �I�U�R�P �W�K�H �F�R�U�H �R�I �W�K�H �L�Q�F�L�G�H�Q�W�� �D �V�K�L�S�¶�V �G�U�L�I�W �W�U�D�M�H�F�W�R�U�\�� �%�\ �D�S�S�O�\�L�Q�J �D �Y�D�O�L�G �D�Q�G �U�H�O�L�D�E�O�H �P�H�W�K�R�G��
�5�L�M�N�V�Z�D�W�H�U�V�W�D�D�W �F�D�Q �H�Q�V�X�U�H �U�H�V�S�R�Q�V�L�E�O�H �H�[�S�O�R�L�W�D�W�L�R�Q �R�I �W�K�H �D�E�X�Q�G�D�Q�W �S�R�W�H�Q�W�L�D�O �W�K�H �1�R�U�W�K �6�H�D �K�D�V �W�R �R�I�I�H�U��



�������� �6�I�W�I�E�V�G�L �S�F�N�I�G�X�M�Z�I�W �E�R�H �U�Y�I�W�X�M�S�R�W ��

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

�������������4�V�S�F�E�F�M�P�M�X�] �S�J �W�L�M�T���W�L�M�T �G�S�P�P�M�W�M�S�R�W
�:�K�H�Q �H�[�D�P�L�Q�L�Q�J �F�R�O�O�L�V�L�R�Q �U�L�V�N�V �I�U�R�P �D �E�U�R�D�G�H�U �S�H�U�V�S�H�F�W�L�Y�H�� �W�K�H �U�L�V�N �R�I �V�K�L�S���V�K�L�S �F�R�O�O�L�V�L�R�Q�V �V�W�D�Q�G�V �R�X�W �D�V �D
�V�H�S�D�U�D�W�H �W�R�S�L�F �R�I �V�W�X�G�\�� �$�F�F�R�U�G�L�Q�J �W�R �3�� �&�K�H�Q �H�W �D�O�� ������������ �W�K�H�U�H �D�U�H �W�Z�R �Z�D�\�V �W�R �H�V�W�L�P�D�W�H �W�K�H �S�U�R�E�D�E�L�O�L�W�\
�R�I �D �F�R�O�O�L�V�L�R�Q �E�H�W�Z�H�H�Q �V�K�L�S�V�� �D �V�W�D�W�L�V�W�L�F�D�O �H�V�W�L�P�D�W�L�R�Q �P�H�W�K�R�G �D�Q�G �D �V�\�Q�W�K�H�W�L�F �H�V�W�L�P�D�W�L�R�Q �P�H�W�K�R�G��

�7�K�H �V�W�D�W�L�V�W�L�F�D�O �D�S�S�U�R�D�F�K �H�V�W�L�P�D�W�H�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �X�V�L�Q�J �W�H�F�K�Q�L�T�X�H�V �V�X�F�K �D�V �V�W�D�W�L�V�W�L�F�D�O �D�Q�D�O�\�V�L�V �D�Q�G �U�H�J�U�H�V��
�V�L�R�Q �R�Q �K�L�V�W�R�U�L�F�D�O �D�F�F�L�G�H�Q�W �G�D�W�D �D�Q�G �W�U�D�I�I�L�F �L�Q�I�R�U�P�D�W�L�R�Q ���H���J�� �.�X�M�D�O�D �H�W �D�O���� ������������ �7�K�H �V�\�Q�W�K�H�W�L�F �D�S�S�U�R�D�F�K
�H�V�W�L�P�D�W�H�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �V�K�L�S �F�R�O�O�L�V�L�R�Q �X�V�L�Q�J �D �I�U�D�P�H�Z�R�U�N �S�U�R�S�R�V�H�G �E�\ �)�X�M�L�L �D�Q�G �6�K�L�R�E�D�U�D ��������������

PCollision = NCandidate � PCausation ����������

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

�*�H�R�P�H�W�U�L�F �F�R�O�O�L�V�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �D�Q�D�O�\�V�L�V �U�H�T�X�L�U�H�V �P�D�W�K�H�P�D�W�L�F�D�O �P�R�G�H�O�O�L�Q�J �W�R �L�G�H�Q�W�L�I�\ �S�R�W�H�Q�W�L�D�O �F�R�O�O�L�V�L�R�Q�V
�E�D�V�H�G �R�Q �W�U�D�I�I�L�F �V�W�D�W�L�V�W�L�F�V ���/�X�ã�L�ü �	 �ý�R�U�L�ü�� ���������� �R�U�� �P�R�U�H �V�S�H�F�L�I�L�F�D�O�O�\�� �D�Q�D�O�\�V�L�Q�J �R�Y�H�U�O�D�S�V �R�I �S�U�H�G�H�I�L�Q�H�G
�V�K�L�S���G�R�P�D�L�Q�V�� �L�Q�G�L�F�D�W�L�Q�J �W�K�D�W �D �V�K�L�S �L�V �L�Q�Y�R�O�Y�H�G �L�Q �D�Q �H�Q�F�R�X�Q�W�H�U �Z�L�W�K �D �S�R�W�H�Q�W�L�D�O �I�R�U �F�R�O�O�L�V�L�R�Q ���&�K�D�L �H�W �D�O����
������������ �,�Q �F�D�X�V�D�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �D�Q�D�O�\�V�L�V�� �S�U�R�E�D�E�L�O�L�W�L�H�V �D�U�H �G�H�W�H�U�P�L�Q�H�G �E�\ �D�Q�D�O�\�W�L�F�D�O �P�H�W�K�R�G�V �V�X�F�K �D�V �)�D�X�O�W
�7�U�H�H �D�Q�D�O�\�V�H�V ���0�D�U�W�L�Q�V �	 �0�D�W�X�U�D�Q�D�� ���������� �R�U �%�D�\�H�V�L�D�Q �Q�H�W�Z�R�U�N�V ���0�R�Q�W�H�Z�N�D�� �(�K�O�H�U�V�� �H�W �D�O���� ������������ �$
�)�D�X�O�W �7�U�H�H �D�Q�D�O�\�V�L�V �L�V �D �P�H�W�K�R�G �W�R �D�Q�D�O�\�V�H �V�\�V�W�H�P �I�D�L�O�X�U�H�V�� �,�W �X�V�H�V �D �W�U�H�H���O�L�N�H �G�L�D�J�U�D�P �W�R �L�O�O�X�V�W�U�D�W�H �W�K�H
�O�R�J�L�F�D�O �U�H�O�D�W�L�R�Q�V�K�L�S�V �E�H�W�Z�H�H�Q �H�Y�H�Q�W�V �D�Q�G �I�D�X�O�W�V �W�K�D�W �O�H�D�G �W�R �D �I�D�L�O�X�U�H�� �$ �%�D�\�H�V�L�D�Q �Q�H�W�Z�R�U�N �L�V �D �J�U�D�S�K�L�F�D�O
�P�R�G�H�O �U�H�S�U�H�V�H�Q�W�L�Q�J �S�U�R�E�D�E�L�O�L�V�W�L�F �U�H�O�D�W�L�R�Q�V�K�L�S�V �E�H�W�Z�H�H�Q �Y�D�U�L�D�E�O�H�V�� �%�R�W�K �P�H�W�K�R�G�V �D�U�H �Z�H�O�O �V�X�L�W�H�G �W�R �L�Q�W�H�J�U�D�W�H
�P�X�O�W�L�S�O�H �V�R�X�U�F�H�V �R�I �L�Q�I�R�U�P�D�W�L�R�Q�� �V�X�F�K �D�V �K�L�V�W�R�U�L�F�D�O �G�D�W�D �D�Q�G �H�[�S�H�U�W �L�Q�W�H�U�Y�L�H�Z�V��

�3�� �&�K�H�Q �H�W �D�O�� ������������ �F�R�Q�F�O�X�G�H �W�K�D�W �W�K�H �J�H�R�P�H�W�U�L�F �S�U�R�E�D�E�L�O�L�W�\ �D�Q�D�O�\�V�L�V �P�H�W�K�R�G�V �F�D�U�U�\ �W�K�H �U�L�V�N �R�I �R�Y�H�U���X�Q��
�G�H�U�H�V�W�L�P�D�W�L�Q�J �W�K�H �U�H�V�X�O�W�V�� �7�K�L�V �L�V �E�H�F�D�X�V�H �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �H�V�W�L�P�D�W�H�V �D�U�H �G�H�U�L�Y�H�G �E�\ �D�Q�D�O�\�V�L�Q�J �V�S�H�F�L�I�L�F
�G�D�W�D �L�Q�W�H�U�Y�D�O�V�� �5�H�J�D�U�G�L�Q�J �W�K�H �P�H�W�K�R�G�V �Z�L�W�K�L�Q �F�D�X�V�D�O �S�U�R�E�D�E�L�O�L�W�\ �D�Q�D�O�\�V�L�V�� �3�� �&�K�H�Q �H�W �D�O�� ������������ �F�R�Q�F�O�X�G�H
�W�K�D�W �W�K�H �O�D�F�N �R�I �G�D�W�D �D�Q�G �X�Q�F�H�U�W�D�L�Q�W�\ �L�V �V�W�L�O�O �D �S�U�R�E�O�H�P �W�R �R�E�W�D�L�Q �D�F�F�X�U�D�W�H �D�Q�G �U�H�O�L�D�E�O�H �H�V�W�L�P�D�W�H�V�� �7�K�H�V�H
�I�L�Q�G�L�Q�J�V �U�H�Y�H�D�O �W�K�D�W �V�L�P�S�O�L�I�\�L�Q�J �D �F�R�P�S�O�H�[ �H�Q�Y�L�U�R�Q�P�H�Q�W �I�R�U �P�D�F�U�R�V�F�R�S�L�F �S�U�R�E�D�E�L�O�L�W�\ �F�D�O�F�X�O�D�W�L�R�Q�V �D�Q�G �W�K�H
�O�D�F�N �R�I �U�H�O�H�Y�D�Q�W �G�D�W�D �S�U�H�V�H�Q�W �V�L�J�Q�L�I�L�F�D�Q�W �F�K�D�O�O�H�Q�J�H�V�� �6�X�F�K �F�K�D�O�O�H�Q�J�H�V �Z�L�O�O �D�O�O�H�J�H�G�O�\ �L�P�S�D�F�W �W�K�H �S�U�R�E�D�E�L�O�L�W�\
�F�D�O�F�X�O�D�W�L�R�Q�V �R�I �G�U�L�I�W�L�Q�J �V�K�L�S �F�R�O�O�L�V�L�R�Q�V�� �7�K�H�U�H�I�R�U�H�� �L�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �E�D�O�D�Q�F�H �W�K�H �O�H�Y�H�O �R�I �G�H�W�D�L�O �L�Q �W�K�H�V�H
�F�D�O�F�X�O�D�W�L�R�Q�V��



�������� �7�L�M�T �G�S�P�P�M�W�M�S�R �X�]�T�I�W �E�R�H �X�L�I�M�V �E�W�W�I�W�W�Q�I�R�X �Q�I�X�L�S�H�W ����

�������������4�V�S�F�E�F�M�P�M�X�] �S�J �G�S�P�P�M�W�M�S�R�W �[�M�X�L �Q�E�V�M�R�I �M�R�J�V�E�W�X�V�Y�G�X�Y�V�I
�7�K�H �(�8 �V�X�S�S�R�U�W�H�G �6�$�)�(�6�+�,�3 �S�U�R�M�H�F�W �Z�D�V �O�D�X�Q�F�K�H�G �W�R �H�[�S�O�R�U�H �W�H�F�K�Q�R�O�R�J�L�H�V �W�K�D�W �F�R�X�O�G �P�L�W�L�J�D�W�H �F�R�O�O�L�V�L�R�Q
�U�L�V�N�V �D�Q�G �G�H�Y�H�O�R�S �D�V�V�H�V�V�P�H�Q�W �P�H�W�K�R�G�R�O�R�J�L�H�V �V�S�H�F�L�I�L�F�D�O�O�\ �I�R�U �R�I�I�V�K�R�U�H �Z�L�Q�G �I�D�U�P�V�� �7�K�L�V �S�U�R�M�H�F�W �J�L�Y�H�V �D�Q
�R�Y�H�U�Y�L�H�Z �R�I �W�K�H �P�H�W�K�R�G�R�O�R�J�L�H�V �X�V�H�G �W�R �H�Y�D�O�X�D�W�H �W�K�H �U�L�V�N �R�I �V�K�L�S���P�D�U�L�Q�H �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �F�R�O�O�L�V�L�R�Q�V�� �7�K�L�V �S�U�R�M�H�F�W
�L�G�H�Q�W�L�I�L�H�V �W�Z�R �G�L�V�W�L�Q�F�W �V�F�H�Q�D�U�L�R�V �U�H�J�D�U�G�L�Q�J �V�K�L�S �F�R�O�O�L�V�L�R�Q�V �Z�L�W�K �I�L�[�H�G �R�I�I�V�K�R�U�H �L�Q�V�W�D�O�O�D�W�L�R�Q�V�� �O�L�N�H �R�I�I�V�K�R�U�H �Z�L�Q�G
�I�D�U�P�V��

���� �&�R�O�O�L�V�L�R�Q �R�I �S�R�Z�H�U�H�G �V�K�L�S�V

���� �&�R�O�O�L�V�L�R�Q �R�I �G�U�L�I�W�L�Q�J �V�K�L�S�V ���U�H�I�H�U�U�H�G �W�R �D�V �¶�D�O�O�L�V�L�R�Q�¶ �L�Q �W�K�L�V �V�W�X�G�\��

�,�Q �D�G�G�U�H�V�V�L�Q�J �W�K�H �F�R�O�O�L�V�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �R�I �S�R�Z�H�U�H�G �V�K�L�S�V�� �W�K�H �6�$�)�(�6�+�,�3 �S�U�R�M�H�F�W �D�G�R�S�W�V �W�K�H �V�D�P�H �D�S�S�U�R�D�F�K
�D�V �V�K�L�S���V�K�L�S �F�R�O�O�L�V�L�R�Q�V�� �7�K�H �Q�X�P�E�H�U �R�I �F�R�O�O�L�V�L�R�Q �F�D�Q�G�L�G�D�W�H�V �L�V �G�H�W�H�U�P�L�Q�H�G �E�\ �W�K�H �D�U�H�D �X�Q�G�H�U �W�K�H �U�H�O�H�Y�D�Q�W
�G�L�V�W�U�L�E�X�W�L�R�Q �I�X�Q�F�W�L�R�Q �R�I �V�K�L�S �W�U�D�I�I�L�F�� �7�K�L�V �D�U�H�D �L�V �F�R�Q�V�W�U�D�L�Q�H�G �E�\ �W�K�H �S�U�R�M�H�F�W�L�R�Q �R�I �W�K�H �U�H�V�S�H�F�W�L�Y�H �Z�L�Q�G �W�X�U�E�L�Q�H
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�‡�D �U�H�S�D�L�U �D�Q�G �D�Q�F�K�R�U �I�X�Q�F�W�L�R�Q�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �V�H�O�I���L�Q�L�W�L�D�W�H�G �D�O�O�L�V�L�R�Q �D�Y�R�L�G�D�Q�F�H �P�H�D�V�X�U�H�V��

�$ �V�L�P�L�O�D�U �P�H�W�K�R�G �L�V �X�V�H�G �L�Q �W�K�H �&�5�$�6�+ �P�R�G�H�O��

PCD = N � F�G�U�L�I�W� T � PD 1 � PD 2 � PD 3 ����������
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N �L�V �W�K�H �Q�X�P�E�H�U �R�I �V�K�L�S�V �S�H�U �\�H�D�U �Z�L�W�K�L�Q �W�K�H �F�R�Q�V�L�G�H�U�H�G �D�U�H�D��

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

T �L�V �W�K�H �Q�X�P�E�H�U �R�I �K�R�X�U�V �D �V�K�L�S �L�V �L�Q �W�K�H �F�R�Q�V�L�G�H�U�H�G �D�U�H�D��

PD 1 �L�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �X�Q�I�D�Y�R�X�U�D�E�O�H �G�U�L�I�W �G�L�U�H�F�W�L�R�Q��

PD 2 �L�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �Q�R �H�I�I�H�F�W�L�Y�H �H�[�W�H�U�Q�D�O �D�V�V�L�V�W�D�Q�F�H��

PD 3 �L�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �Q�R �D�O�O�L�V�L�R�Q �D�Y�R�L�G�D�Q�F�H �E�\ �R�Z�Q �P�H�D�V�X�U�H�V��
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�P�R�G�H�O �X�V�H�V �D �V�R���F�D�O�O�H�G �¶�G�D�Q�J�H�U �D�U�H�D�¶ �I�R�U �V�S�H�F�L�I�L�F �V�H�W�V �R�I �Z�L�Q�G �F�R�Q�G�L�W�L�R�Q�V �D�Q�G �V�K�L�S �W�\�S�H�V �W�R �L�Q�G�L�F�D�W�H �Z�K�H�Q �W�K�H
�G�U�L�I�W �P�R�W�L�R�Q �R�I �D�Q �D�G�U�L�I�W �V�K�L�S �Z�L�O�O �U�H�V�X�O�W �L�Q �D�Q �D�O�O�L�V�L�R�Q�� �,�Q �W�K�H �&�5�$�6�+ �P�R�G�H�O�� �W�K�L�V �L�V �H�P�E�H�G�G�H�G �D�V �D �S�U�R�E�D�E�L�O�L�W�\
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�Z�L�O�O �U�H�V�X�O�W �L�Q �D�Q �D�O�O�L�V�L�R�Q�� �D�Q�G �F�R�P�E�L�Q�L�Q�J �W�K�L�V �Z�L�W�K �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �H�Q�J�L�Q�H �I�D�L�O�X�U�H �D�Q�G �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �V�K�L�S
�S�U�H�V�H�Q�F�H�²�U�H�S�U�H�V�H�Q�W�H�G �D�VN �� �W�K�H �Q�X�P�E�H�U �R�I �V�K�L�S�V �S�H�U �\�H�D�U�� �D�Q�GT�� �W�K�H �D�Y�H�U�D�J�H �W�L�P�H �V�S�H�Q�W �L�Q �D�Q �D�U�H�D�²�Z�H
�F�D�Q �F�D�O�F�X�O�D�W�H �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �G�U�L�I�W�L�Q�J �V�K�L�S �D�O�O�L�V�L�R�Q�V�� �H�[�F�O�X�G�L�Q�J �D�Q�\ �U�L�V�N���U�H�G�X�F�L�Q�J �I�D�F�W�R�U�V

�%�R�W�K �P�R�G�H�O�V �L�Q�F�R�U�S�R�U�D�W�H �U�L�V�N���U�H�G�X�F�L�Q�J �I�D�F�W�R�U�V�� �$�O�O�L�V�L�R�Q �D�Y�R�L�G�D�Q�F�H �W�K�U�R�X�J�K �V�H�O�I���L�Q�L�W�L�D�W�H�G �P�H�D�V�X�U�H�V �L�Q�F�O�X�G�H�V
�U�H�S�D�L�U�L�Q�J �W�K�H �H�Q�J�L�Q�H �Z�L�W�K�L�Q �D �V�S�H�F�L�I�L�H�G �S�H�U�L�R�G �D�Q�G �S�H�U�I�R�U�P�L�Q�J �H�P�H�U�J�H�Q�F�\ �D�Q�F�K�R�U�L�Q�J �S�U�R�F�H�G�X�U�H�V�� �7�K�H
�D�S�S�U�R�D�F�K �W�R �H�Q�J�L�Q�H �U�H�S�D�L�U �L�V �S�U�L�P�D�U�L�O�\ �E�D�V�H�G �R�Q �D�Y�D�L�O�D�E�O�H �K�L�V�W�R�U�L�F�D�O �V�W�D�W�L�V�W�L�F�V �R�I �H�Q�J�L�Q�H �I�D�L�O�X�U�H�V�� �3�H�U�I�R�U�P�L�Q�J
�D�Q �H�P�H�U�J�H�Q�F�\ �D�Q�F�K�R�U�L�Q�J �S�U�R�F�H�G�X�U�H �G�H�S�H�Q�G�V �R�Q �I�D�F�W�R�U�V �V�X�F�K �D�V �G�U�L�I�W�L�Q�J �V�S�H�H�G�� �V�K�L�S �V�L�]�H�� �Z�H�D�W�K�H�U �F�R�Q�G�L�W�L�R�Q�V
�D�Q�G �W�K�H �F�R�P�S�R�V�L�W�L�R�Q �R�I �W�K�H �V�H�D�E�H�G�� �7�K�H �P�R�G�H�O�V �D�O�V�R �F�R�Q�V�L�G�H�U �F�R�O�O�L�V�L�R�Q �D�Y�R�L�G�D�Q�F�H �W�K�U�R�X�J�K �H�[�W�H�U�Q�D�O
�D�V�V�L�V�W�D�Q�F�H�� �V�X�F�K �D�V �D�Q �(�5�7�9�� �7�K�L�V �S�U�R�E�D�E�L�O�L�W�\ �L�V �G�L�U�H�F�W�O�\ �L�Q�I�O�X�H�Q�F�H�G �E�\ �W�K�H �G�U�L�I�W �P�R�W�L�R�Q �R�I �W�K�H �V�K�L�S�� �7�K�H
�F�O�R�V�H�U �D�Q �(�5�7�9 �L�V �W�R �D �F�H�U�W�D�L�Q �D�U�H�D�� �W�K�H �J�U�H�D�W�H�U �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �H�I�I�H�F�W�L�Y�H �H�[�W�H�U�Q�D�O �D�V�V�L�V�W�D�Q�F�H �L�Q �W�K�D�W �D�U�H�D��
�7�K�H�U�H�I�R�U�H�� �Z�H �Z�L�O�O �H�[�S�O�R�U�H �L�Q �J�U�H�D�W�H�U �G�H�W�D�L�O �K�R�Z �W�K�H�V�H �P�H�W�K�R�G�V �L�Q�F�R�U�S�R�U�D�W�H �W�K�H �G�U�L�I�W �P�R�W�L�R�Q �R�I �D �V�K�L�S �D�Q�G
�K�R�Z �W�K�H�\ �G�H�I�L�Q�H �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �W�K�D�W �L�W�V �G�U�L�I�W �F�D�X�V�H�V �D�Q �D�O�O�L�V�L�R�Q��
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�Z�L�W�K �D �V�W�U�X�F�W�X�U�H�� �7�R �H�I�I�H�F�W�L�Y�H�O�\ �U�H�I�O�H�F�W �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �D�Q �D�O�O�L�V�L�R�Q�� �W�K�L�V �P�H�D�V�X�U�H �R�I �X�Q�I�D�Y�R�X�U�D�E�O�H �G�L�U�H�F�W�L�R�Q
�P�X�V�W �D�F�F�X�U�D�W�H�O�\ �U�H�S�U�H�V�H�Q�W �W�K�H �V�K�L�S�¶�V �W�U�D�M�H�F�W�R�U�\�� �7�K�H�U�H�I�R�U�H�� �Z�H �Z�L�O�O �I�L�U�V�W �U�H�Y�L�H�Z �W�K�H �P�H�W�K�R�G�V �I�R�U �G�H�W�H�U�P�L�Q�L�Q�J
�K�R�Z �D �V�K�L�S�¶�V �G�U�L�I�W �F�D�X�V�H�V �D�Q �D�O�O�L�V�L�R�Q �D�V �H�P�E�H�G�G�H�G �L�Q �W�K�H �U�L�V�N �D�V�V�H�V�V�P�H�Q�W �P�R�G�H�O�V�� �7�K�L�V �U�H�Y�L�H�Z �Z�L�O�O �F�R�Y�H�U
�P�X�O�W�L�S�O�H �P�R�G�H�O�V�� �K�L�J�K�O�L�J�K�W�L�Q�J �W�K�H �O�D�F�N �R�I �G�H�W�D�L�O�H�G �H�[�S�O�D�Q�D�W�L�R�Q�V �D�Y�D�L�O�D�E�O�H �I�R�U �H�D�F�K �P�R�G�H�O ���0�H�K�G�L �H�W �D�O���� ������������
�6�X�E�V�H�T�X�H�Q�W�O�\�� �Z�H �Z�L�O�O �H�[�S�O�R�U�H �K�R�Z �W�K�H �G�U�L�I�W �P�R�W�L�R�Q �R�I �D �V�K�L�S �L�V �W�K�H�R�U�H�W�L�F�D�O�O�\ �G�H�W�H�U�P�L�Q�H�G �D�F�F�R�U�G�L�Q�J �W�R �W�K�H
�D�Y�D�L�O�D�E�O�H �O�L�W�H�U�D�W�X�U�H �R�Q �G�U�L�I�W �P�R�W�L�R�Q��

�������������1�I�X�L�S�H�W �J�S�V �H�I�X�I�V�Q�M�R�M�R�K �X�L�I �T�V�S�F�E�F�M�P�M�X�] �E �W�L�M�T���W �H�V�M�J�X �G�E�Y�W�I�W �E�R �E�P�P�M�W�M�S�R
�$�V �P�H�Q�W�L�R�Q�H�G �L�Q �W�K�H �S�U�H�Y�L�R�X�V �V�H�F�W�L�R�Q�� �W�K�H �6�$�0�6�2�1 �P�R�G�H�O �X�V�H�V �D �¶�G�D�Q�J�H�U �D�U�H�D�¶ �I�R�U �V�S�H�F�L�I�L�F �V�H�W�V �R�I �Z�L�Q�G
�F�R�Q�G�L�W�L�R�Q�V �D�Q�G �V�K�L�S �W�\�S�H�V �W�R �L�Q�G�L�F�D�W�H �Z�K�H�Q �W�K�H �G�U�L�I�W �P�R�W�L�R�Q �R�I �D�Q �D�G�U�L�I�W �V�K�L�S �Z�L�O�O �U�H�V�X�O�W �L�Q �D�Q �D�O�O�L�V�L�R�Q�� �*�L�Y�H�Q �D
�F�H�U�W�D�L�Q �Z�L�Q�G �G�L�U�H�F�W�L�R�Q �D�Q�G �V�K�L�S �W�\�S�H�� �W�K�H �G�D�Q�J�H�U �S�D�U�W �F�D�Q �E�H �L�O�O�X�V�W�U�D�W�H�G �D�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H ��������

�)�L�J�X�U�H ���������,�O�O�X�V�W�U�D�W�L�R�Q �R�I �G�H�I�L�Q�L�Q�J �W�K�H �G�D�Q�J�H�U �S�D�U�W �D�U�R�X�Q�G �D�Q �R�E�M�H�F�W �I�R�U �D �V�S�H�F�L�I�L�F �O�L�Q�N�� �Z�L�Q�G �G�L�U�H�F�W�L�R�Q �D�Q�G
�V�K�L�S �W�\�S�H��

�$�Q�R�W�K�H�U �P�R�G�H�O �I�U�R�P �6�D�I�H�W�H�F �1�R�U�G�L�F �$�6�� �W�K�H �&�2�/�/�,�'�( �P�R�G�H�O�� �X�V�H�V �D �V�L�P�L�O�D�U �D�S�S�U�R�D�F�K �E�\ �G�H�I�L�Q�L�Q�J �¶�E�R�[�¶
�O�H�Q�J�W�K�V �I�R�U �V�S�H�F�L�I�L�F �Z�L�Q�G �G�L�U�H�F�W�L�R�Q�V��

PCD = Nb � Pb � Pw � D / BL ����������

�:�K�H�U�H��

Nb �L�V �W�K�H �D�Q�Q�X�D�O �Q�X�P�E�H�U �R�I �V�K�L�S�V �L�Q �W�K�H �E�R�[ �D�I�I�H�F�W�H�G �E�\ �W�K�H �V�S�H�F�L�I�L�F �Z�L�Q�G �G�L�U�H�F�W�L�R�Q �W�R�Z�D�U�G�V �W�K�H �S�O�D�W�I�R�U�P��

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

Pw �L�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �D �S�D�U�W�L�F�X�O�D�U �Z�L�Q�G �G�L�U�H�F�W�L�R�Q��

D �L�V �W�K�H �D�O�O�L�V�L�R�Q �G�L�D�P�H�W�H�U��

BL �L�V �W�K�H �E�R�[���O�H�Q�J�W�K �S�H�U�S�H�Q�G�L�F�X�O�D�U �W�R �W�K�H �Z�L�Q�G �G�L�U�H�F�W�L�R�Q ���V�H�H �)�L�J�X�U�H ����������
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�)�L�J�X�U�H ���������,�O�O�X�V�W�U�D�W�L�R�Q �R�I �G�H�I�L�Q�L�Q�J �W�K�H �E�R�[ �O�H�Q�J�W�K �D�U�R�X�Q�G �D�Q �R�E�M�H�F�W ���.�L�P �H�W �D�O���� ����������

�7�K�H�V�H �D�S�S�U�R�D�F�K�H�V �U�H�V�X�O�W �L�Q �Z�L�Q�G �G�L�U�H�F�W�L�R�Q���V�S�H�F�L�I�L�F �D�U�H�D�V �Z�L�W�K�L�Q �Z�K�L�F�K �D�Q �D�G�U�L�I�W �V�K�L�S �Z�L�O�O �F�D�X�V�H �D�Q �D�O�O�L�V�L�R�Q �R�Y�H�U
�W�L�P�H�� �7�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �W�K�L�V �V�S�H�F�L�I�L�F �V�L�W�X�D�W�L�R�Q�� �W�K�H�U�H�I�R�U�H�� �G�H�S�H�Q�G�V �R�Q �W�K�H �Z�L�Q�G �G�L�U�H�F�W�L�R�Q �D�Q�G �L�V �V�X�J�J�H�V�W�H�G
�E�\ �(�O�O�L�V �H�W �D�O�� �������������� �D �U�H�S�R�U�W �I�U�R�P �6�6�3�$ �6�Z�H�G�H�Q �$�%�� �W�R �E�H �F�D�O�F�X�O�D�W�H�G �X�V�L�Q�J �Z�L�Q�G �G�L�U�H�F�W�L�R�Q �V�W�D�W�L�V�W�L�F�V �Z�L�W�K
�W�K�H �I�R�O�O�R�Z�L�Q�J �I�R�U�P�X�O�D��

PD 1 =
N wdX

w=1

�
Rw � � w

360/Nwd

�
����������

�Z�K�H�U�H��

Nwd �L�V �W�K�H �Q�X�P�E�H�U �R�I �G�L�Y�L�V�L�R�Q�V �L�Q �G�L�I�I�H�U�H�Q�W �Z�L�Q�G �G�L�U�H�F�W�L�R�Q�V��

� w �L�V �W�K�H �D�Q�J�O�H �F�R�Y�H�U�H�G �E�\ �W�K�H �Z�L�Q�G �I�D�U�P �L�Q �W�K�H �Z�L�Q�G �G�L�U�H�F�W�L�R�Qw��

Rw �L�V �W�K�H �I�U�H�T�X�H�Q�F�\ �I�R�U �Z�L�Q�G �I�U�R�P �G�L�U�H�F�W�L�R�Qw��

�$�O�W�H�U�Q�D�W�L�Y�H�O�\�� �W�K�H �P�R�G�H�O �G�H�Y�H�O�R�S�H�G �E�\ �*�/ �D�Q�G �&�2�/�:�7 �G�H�W�H�U�P�L�Q�H�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �W�K�L�V �X�Q�I�D�Y�R�X�U�D�E�O�H
�G�L�U�H�F�W�L�R�Q �E�\ �D�S�S�O�\�L�Q�J �D �0�R�Q�W�H �&�D�U�O�R �W�H�F�K�Q�L�T�X�H �R�Q �D�Y�D�L�O�D�E�O�H �Z�L�Q�G �G�D�W�D ���3�R�Y�H�O�� ������������

�7�K�H �Q�H�[�W �V�W�H�S �L�V �G�H�W�H�U�P�L�Q�L�Q�J �Z�K�H�W�K�H�U �W�K�H �G�U�L�I�W �P�R�W�L�R�Q �R�I �D �V�K�L�S�� �L�W�V �W�U�D�M�H�F�W�R�U�\�� �Z�L�O�O �U�H�V�X�O�W �L�Q �D�Q �D�O�O�L�V�L�R�Q
�R�Y�H�U �W�L�P�H�� �(�O�O�L�V �H�W �D�O�� ������������ �H�Y�D�O�X�D�W�H�V �W�K�H �P�R�G�H�O�V �6�$�0�6�2�1�� �&�2�/�:�7�� �D�Q�G �&�5�$�6�+�� �F�R�Q�F�O�X�G�L�Q�J �W�K�D�W �W�K�H
�D�V�V�X�P�S�W�L�R�Q�V �P�D�G�H �D�E�R�X�W �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �W�K�H �I�R�U�F�L�Q�J �H�Q�Y�L�U�R�Q�P�H�Q�W �R�Q �W�K�H �V�K�L�S�¶�V �G�U�L�I�W �P�R�W�L�R�Q �D�U�H �F�R�Q�V�L�V�W�H�Q�W��

�‡�W�K�H �Z�L�Q�G �D�Q�G �Z�D�Y�H�V �D�F�W �L�Q �W�K�H �V�D�P�H �G�L�U�H�F�W�L�R�Q

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

�‡�P�D�V�V �H�I�I�H�F�W�V �D�U�H �Q�R�W �L�Q�F�O�X�G�H�G �L�Q �W�K�H �P�R�G�H�O

�‡�W�K�H �I�R�U�F�H�V �F�R�Q�V�L�V�W �R�I �W�K�H �Z�L�Q�G �I�R�U�F�H�� �W�K�H �D�Y�H�U�D�J�H�G �V�H�F�R�Q�G �R�U�G�H�U �Z�D�Y�H �I�R�U�F�H �D�Q�G �W�K�H �U�H�V�L�V�W�D�Q�F�H �R�I �W�K�H
�V�K�L�S �W�K�U�R�X�J�K �W�K�H �Z�D�W�H�U

�‡�W�K�H �H�I�I�H�F�W�L�Y�H �D�O�O�L�V�L�R�Q �Z�L�G�W�K �L�V �W�K�H �V�K�L�S �O�H�Q�J�W�K �S�O�X�V �W�K�H �G�L�P�H�Q�V�L�R�Q �R�I �W�K�H �R�E�M�H�F�W �S�H�U�S�H�Q�G�L�F�X�O�D�U �W�R �W�K�H
�G�U�L�I�W�L�Q�J �S�D�W�K
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�:�K�D�W �U�H�P�D�L�Q�V �L�V �W�K�H �W�L�P�H �X�Q�W�L�O �D�O�O�L�V�L�R�Q�� �Z�K�L�F�K �F�D�Q �E�H �G�H�W�H�U�P�L�Q�H�G �E�\ �W�K�H �G�U�L�I�W �Y�H�O�R�F�L�W�\�� �,�Q �W�K�H �6�$�0�6�2�1
�P�R�G�H�O�� �W�K�L�V �G�U�L�I�W �Y�H�O�R�F�L�W�\ �L�V �G�H�W�H�U�P�L�Q�H�G �I�R�U �D �V�S�H�F�L�I�L�F �V�K�L�S �W�\�S�H�� �L�Q �D �F�H�U�W�D�L�Q �O�R�D�G�L�Q�J �F�R�Q�G�L�W�L�R�Q�� �E�\ �Z�L�Q�G �D�Q�G
�Z�D�Y�H �E�H�O�R�Q�J�L�Q�J �W�R �D �F�H�U�W�D�L�Q �%�H�D�X�I�R�U�W �F�O�D�V�V�� �'�H�W�D�L�O�V �R�Q �K�R�Z �W�K�H �6�$�0�6�2�1 �P�R�G�H�O �F�D�O�F�X�O�D�W�H�V �Z�L�Q�G �D�Q�G �Z�D�Y�H
�I�R�U�F�H�V�� �D�V �Z�H�O�O �D�V �Z�D�Y�H �U�H�V�L�V�W�D�Q�F�H�� �D�U�H �S�U�R�Y�L�G�H�G �L�Q �$�S�S�H�Q�G�L�[ �$�� �%�R�W�K �Z�L�Q�G �D�Q�G �U�H�V�L�V�W�D�Q�F�H �I�R�U�F�H�V �D�U�H
�G�H�U�L�Y�H�G �X�V�L�Q�J �W�K�H �G�U�D�J �I�R�U�P�X�O�D�� �Z�K�L�F�K �U�H�O�D�W�H�V �W�K�H �I�R�U�F�H �H�[�S�H�U�L�H�Q�F�H�G �E�\ �D�Q �R�E�M�H�F�W �P�R�Y�L�Q�J �W�K�U�R�X�J�K �D �I�O�X�L�G
�W�R �W�K�H �I�O�X�L�G�¶�V �G�H�Q�V�L�W�\�� �W�K�H �R�E�M�H�F�W�¶�V �Y�H�O�R�F�L�W�\�� �D�Q�G �L�W�V �H�[�S�R�V�H�G �V�X�U�I�D�F�H �D�U�H�D�� �,�Q �F�R�Q�W�U�D�V�W�� �W�K�H �F�D�O�F�X�O�D�W�L�R�Q �R�I
�Z�D�Y�H �I�R�U�F�H �L�V �E�D�V�H�G �R�Q �D�Q �H�P�S�L�U�L�F�D�O�O�\ �G�H�U�L�Y�H�G �F�R�H�I�I�L�F�L�H�Q�W �W�K�D�W �D�F�F�R�X�Q�W�V �I�R�U �Z�D�Y�H���L�Q�G�X�F�H�G �G�U�L�I�W�� �U�H�I�O�H�F�W�L�Q�J
�W�K�H �F�R�P�S�O�H�[ �L�Q�W�H�U�D�F�W�L�R�Q �E�H�W�Z�H�H�Q �V�K�L�S�V �D�Q�G �Z�D�Y�H�V��

�$�V �V�W�D�W�H�G �L�Q �D�Q �L�Q�W�H�U�Q�D�W�L�R�Q�D�O �F�R�P�S�D�U�L�V�R�Q �R�I �Q�D�Y�L�J�D�W�L�R�Q�D�O �U�L�V�N �D�V�V�H�V�V�P�H�Q�W �S�U�R�F�H�V�V�H�V �E�\ �0�H�K�G�L �H�W �D�O�� ��������������
�W�K�H�V�H �P�R�G�H�O�V �D�U�H �F�R�P�P�H�U�F�L�D�O �D�Q�G �O�D�F�N �F�R�P�S�U�H�K�H�Q�V�L�Y�H �G�R�F�X�P�H�Q�W�D�W�L�R�Q�� �7�K�H�U�H�I�R�U�H�� �L�W �L�V �F�K�D�O�O�H�Q�J�L�Q�J �W�R
�D�V�F�H�U�W�D�L�Q �W�K�H �G�D�W�D �R�Q �Z�K�L�F�K �W�K�H�V�H �F�D�O�F�X�O�D�W�L�R�Q�V �D�U�H �E�D�V�H�G �D�Q�G �W�R �Z�K�D�W �G�H�J�U�H�H �W�K�H�\ �D�U�H �U�H�O�L�D�E�O�H�� �7�R �W�K�H �E�H�V�W
�R�I �R�X�U �N�Q�R�Z�O�H�G�J�H�� �W�K�H �P�R�G�H�O �V�X�J�J�H�V�W�H�G �E�\ �6�6�3�$ �6�Z�H�G�H�Q �$�% �F�D�O�F�X�O�D�W�H�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �D�Q �X�Q�I�D�Y�R�X�U�D�E�O�H
�G�U�L�I�W �G�L�U�H�F�W�L�R�Q�� �I�R�O�O�R�Z�H�G �E�\ �D �G�U�L�I�W �V�S�H�H�G �F�D�O�F�X�O�D�W�L�R�Q �F�R�Q�V�L�G�H�U�L�Q�J �S�R�W�H�Q�W�L�D�O �Z�L�Q�G�� �Z�D�Y�H�� �D�Q�G �F�X�U�U�H�Q�W �I�R�U�F�H�V��
�0�R�U�H�R�Y�H�U�� �W�K�H �6�$�0�6�2�1 �P�R�G�H�O �D�F�F�R�X�Q�W�V �I�R�U �W�K�H �F�X�U�U�H�Q�W �D�V �D�Q �H�V�W�L�P�D�W�H�G �V�S�H�H�G �L�Q �W�K�H �G�L�U�H�F�W�L�R�Q �R�I �W�K�H
�G�U�L�I�W �Y�H�O�R�F�L�W�\ �E�X�W �G�R�H�V �Q�R�W �D�F�F�R�X�Q�W �I�R�U �L�W�V �G�L�U�H�F�W�L�R�Q�� �D�V �Q�R�W�H�G �E�\ �(�O�O�L�V �H�W �D�O�� �������������� �7�R �V�X�E�V�W�D�Q�W�L�D�W�H �V�X�F�K
�D�V�V�X�P�S�W�L�R�Q�V �U�H�T�X�L�U�H�V �H�[�W�H�Q�V�L�Y�H �N�Q�R�Z�O�H�G�J�H �R�I �W�K�H �G�U�L�I�W �P�R�W�L�R�Q �R�I �D �V�K�L�S��

�������������8�L�I �V�I�T�V�I�W�I�R�X�E�X�M�S�R �S�J �H�V�M�J�X �Q�S�X�M�S�R
�7�R �P�R�V�W �H�I�I�H�F�W�L�Y�H�O�\ �U�H�S�U�H�V�H�Q�W �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �D�Q �X�Q�I�D�Y�R�X�U�D�E�O�H �G�U�L�I�W �G�L�U�H�F�W�L�R�Q ��PD 1 �L�Q �I�R�U�P�X�O�D ���������� �L�W �L�V
�L�P�S�R�U�W�D�Q�W �W�R �X�Q�G�H�U�V�W�D�Q�G �W�K�H �G�U�L�I�W �P�R�W�L�R�Q �R�I �D �V�K�L�S�� �7�K�L�V �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �L�Q�Y�R�O�Y�H�V �L�Q�W�U�R�G�X�F�L�Q�J �W�K�H �S�K�\�V�L�F�V �R�I
�G�U�L�I�W �P�R�W�L�R�Q��

�7�K�H �P�R�W�L�R�Q �R�I �D �G�U�L�I�W�L�Q�J �R�E�M�H�F�W �L�V �W�K�H �F�X�P�X�O�D�W�L�Y�H �R�X�W�F�R�P�H �R�I �Y�D�U�L�R�X�V �I�R�U�F�H�V �H�[�H�U�W�H�G �X�S�R�Q �W�K�L�V �R�E�M�H�F�W��
�$�F�F�R�U�G�L�Q�J �W�R �+�D�F�N�H�W�W �H�W �D�O�� �������������� �W�K�H �S�R�V�L�W�L�R�Q �R�I �D �I�O�R�D�W�L�Q�J �R�E�M�H�F�W �L�V �G�H�W�H�U�P�L�Q�H�G �E�\ �Q�X�P�H�U�L�F�D�O�O�\ �L�Q�W�H�J�U�D�W�L�Q�J
�L�W�V �W�R�W�D�O �G�U�L�I�W �Y�H�O�R�F�L�W�\ ��Vdrif t ���� �Z�K�H�U�H ��Vdrif t �� �H�T�X�D�O�V �W�K�H �V�X�P �R�I ��Vcurrent ���� �Z�K�L�F�K �U�H�S�U�H�V�H�Q�W�V �W�K�H �R�F�H�D�Q �F�X�U�U�H�Q�W
�Y�H�O�R�F�L�W�\ �U�H�O�D�W�L�Y�H �W�R �(�D�U�W�K �D�Q�G ��Vrel ���� �Z�K�L�F�K �U�H�S�U�H�V�H�Q�W�V �W�K�H �R�E�M�H�F�W�¶�V �G�U�L�I�W �Y�H�O�R�F�L�W�\ �U�H�O�D�W�L�Y�H �W�R �W�K�H �V�X�U�U�R�X�Q�G�L�Q�J
�Z�D�W�H�U��

Vdrif t = Vcurrent + Vrel ����������

�7�K�H �R�F�H�D�Q �F�X�U�U�H�Q�W �Y�H�O�R�F�L�W�\ �L�Q�F�O�X�G�H�V �W�K�H �V�X�U�I�D�F�H �F�X�U�U�H�Q�W �D�Q�G �W�K�H �6�W�R�N�H�V �G�U�L�I�W �L�Q�G�X�F�H�G �E�\ �W�K�H �Z�D�Y�H�V�� �6�X�U�I�D�F�H
�F�X�U�U�H�Q�W�V �F�D�Q �E�H �I�X�U�W�K�H�U �G�L�Y�L�G�H�G �L�Q�W�R �W�L�G�D�O �F�X�U�U�H�Q�W�V �D�Q�G �L�Q�H�U�W�L�D�O �F�X�U�U�H�Q�W�V�� �D�P�R�Q�J �R�W�K�H�U�V�� �7�K�L�V �R�F�H�D�Q �F�X�U�U�H�Q�W
�Y�H�O�R�F�L�W�\ �L�V �F�R�P�P�R�Q�O�\ �H�T�X�D�W�H�G �Z�L�W�K �W�K�H ���Q�H�D�U���� �V�X�U�I�D�F�H �F�X�U�U�H�Q�W �G�H�U�L�Y�H�G �I�U�R�P �D �Q�X�P�H�U�L�F�D�O �P�R�G�H�O�� �6�X�F�K �P�R�G�H�O�V
�X�W�L�O�L�V�H �D �S�D�U�D�P�H�W�H�U�L�V�D�W�L�R�Q �E�D�V�H�G �R�Q �Z�L�Q�G �Y�H�O�R�F�L�W�\�� �D�Q�G���R�U �O�R�F�D�O �R�E�V�H�U�Y�D�W�L�R�Q�V�� �7�K�H �X�Q�G�H�U�O�\�L�Q�J �D�V�V�X�P�S�W�L�R�Q �I�R�U
�X�V�L�Q�J �V�X�F�K �P�R�G�H�O�V �L�V �W�K�D�W �W�K�H �R�F�H�D�Q �F�X�U�U�H�Q�W �Y�H�O�R�F�L�W�\ �X�Q�L�I�R�U�P�O�\ �L�P�S�D�F�W�V �D�O�O �I�O�R�D�W�L�Q�J �R�E�M�H�F�W�V�� �7�K�H �R�E�M�H�F�W�¶�V �G�U�L�I�W
�Y�H�O�R�F�L�W�\ �U�H�O�D�W�L�Y�H �W�R �W�K�H �V�X�U�U�R�X�Q�G�L�Q�J �Z�D�W�H�U �L�V �W�K�H �V�X�P �R�I �W�K�H �Z�L�Q�G �D�Q�G �Z�D�Y�H �I�R�U�F�H�V �H�[�H�U�W�H�G �X�S�R�Q �L�W�V �V�X�U�I�D�F�H��
�D�Q�G �L�V �V�W�U�R�Q�J�O�\ �G�H�S�H�Q�G�H�Q�W �R�Q �W�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �O�L�N�H �J�H�R�P�H�W�U�\�� �R�I �W�K�H �R�E�M�H�F�W�� �$�F�F�R�U�G�L�Q�J �W�R �0�D�F�'�R�Q�D�O�G
�H�W �D�O�� �������������� �W�K�H �H�T�X�L�O�L�E�U�L�X�P �R�I �I�R�U�F�H�V �D�F�W�L�Q�J �R�Q �W�K�H �V�K�L�S �F�D�Q �E�H �Y�L�V�X�D�O�O�\ �U�H�S�U�H�V�H�Q�W�H�G�� �D�V �G�H�S�L�F�W�H�G �L�Q �)�L�J�X�U�H
�������� �D�Q�G �F�D�Q �E�H �H�[�S�U�H�V�V�H�G �D�V��

�:�K�H�U�H��

Fwind �L�V �W�K�H �Z�L�Q�G �G�U�L�I�W �I�R�U�F�H �D�F�W�L�Q�J �R�Q �W�K�H �V�K�L�S��

Fwave �L�V �W�K�H �Z�D�Y�H �G�U�L�I�W �I�R�U�F�H �D�F�W�L�Q�J �R�Q �W�K�H �K�X�O�O��

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

f wave �L�V �W�K�H �Z�D�Y�H �G�D�P�S�L�Q�J ���D �F�R�X�Q�W�H�U �I�R�U�F�H �W�K�D�W �R�F�F�X�U�V �D�V �W�K�H �P�R�Y�L�Q�J �K�X�O�O �J�H�Q�H�U�D�W�H�V �L�W�V �R�Z�Q �Z�D�Y�H �I�L�H�O�G��



�������� �4�V�S�F�E�F�M�P�M�X�] �S�J �E �H�V�M�J�X�M�R�K �W�L�M�T �G�E�Y�W�M�R�K �E�R �E�P�P�M�W�M�S�R ����

�)�L�J�X�U�H ���������)�R�U�F�H�V �D�F�W�L�Q�J �R�Q �D �G�U�L�I�W�L�Q�J �V�K�L�S ���+�D�F�N�H�W�W �H�W �D�O���� ����������

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

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

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



�������� �/�R�S�[�P�I�H�K�I �K�E�T�W ����

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

�������������8�L�I �Z�E�P�M�H�M�X�] �S�J �W�X�E�X�I���S�J���X�L�I���E�V�X �T�V�S�F�E�F�M�P�M�X�] �I�W�X�M�Q�E�X�M�S�R�W
�7�K�H �P�H�W�K�R�G�V �X�V�H�G �W�R �D�V�V�H�V�V �D�O�O�L�V�L�R�Q �U�L�V�N�V �L�Q�Y�R�O�Y�L�Q�J �G�U�L�I�W�L�Q�J �V�K�L�S�V �U�H�O�\ �R�Q �V�H�Y�H�U�D�O �D�V�V�X�P�S�W�L�R�Q�V�� �)�X�U�W�K�H�U�P�R�U�H��
�W�K�H�V�H �P�H�W�K�R�G�V �D�U�H �Q�R�W �G�R�F�X�P�H�Q�W�H�G �L�Q �G�H�W�D�L�O�� �P�D�N�L�Q�J �L�W �G�L�I�I�L�F�X�O�W �W�R �Y�H�U�L�I�\ �W�K�H�L�U �Y�D�O�L�G�L�W�\�� �7�K�H �H�[�W�H�Q�V�L�Y�H
�F�R�Y�H�U�D�J�H �L�Q �O�L�W�H�U�D�W�X�U�H �R�I �G�H�W�D�L�O�H�G �P�H�W�K�R�G�V �D�Q�G �V�W�X�G�L�H�V �I�R�F�X�V�H�G �R�Q �V�K�L�S���V�K�L�S �F�R�O�O�L�V�L�R�Q�V�� �D�O�R�Q�J �Z�L�W�K �F�R�Q�F�H�U�Q�V
�D�E�R�X�W �W�K�H �U�H�O�L�D�E�L�O�L�W�\ �D�Q�G �Y�D�O�L�G�L�W�\ �R�I �W�K�H�V�H �P�D�F�U�R�V�F�R�S�L�F �D�S�S�U�R�D�F�K�H�V�� �L�Q�G�L�F�D�W�H�V �D �Q�H�H�G �I�R�U �I�X�U�W�K�H�U �U�H�V�H�D�U�F�K �L�Q�W�R
�G�U�L�I�W�L�Q�J �V�K�L�S �D�O�O�L�V�L�R�Q�V�� �,�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �P�R�V�W �U�H�O�L�D�E�O�H �D�Q�G �Y�D�O�L�G �D�S�S�U�R�D�F�K �I�R�U �U�H�S�U�H�V�H�Q�W�L�Q�J �W�K�H
�U�L�V�N �R�I �G�U�L�I�W�L�Q�J �V�K�L�S �D�O�O�L�V�L�R�Q�V�� �7�K�L�V �F�R�X�O�G �F�K�D�O�O�H�Q�J�H �W�K�H �D�V�V�X�P�S�W�L�R�Q�V �P�D�G�H �L�Q �F�X�U�U�H�Q�W �P�R�G�H�O�V�� �Z�K�L�F�K �L�Q�F�O�X�G�H �D
�S�U�H�G�H�I�L�Q�H�G �G�U�L�I�W �G�L�U�H�F�W�L�R�Q �E�D�V�H�G �R�Q �Z�L�Q�G �G�L�U�H�F�W�L�R�Q ���D�V�V�X�P�L�Q�J �D�O�L�J�Q�P�H�Q�W �Z�L�W�K �Z�D�Y�H �G�L�U�H�F�W�L�R�Q���� �D �S�X�U�H�O�\ �O�D�W�H�U�D�O
�G�U�L�I�W �P�R�W�L�R�Q ���R�Q�H �G�H�J�U�H�H �R�I �I�U�H�H�G�R�P���� �D�Q�G �W�K�H �Z�D�\ �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �W�K�H �F�X�U�U�H�Q�W �L�V �D�F�F�R�X�Q�W�H�G �I�R�U�� �9�D�U�L�D�W�L�R�Q�V
�L�Q �W�K�H�V�H �D�V�V�X�P�S�W�L�R�Q�V �O�H�D�G �W�R �F�R�Q�V�L�G�H�U�D�E�O�H �G�L�I�I�H�U�H�Q�F�H�V �L�Q �H�V�W�L�P�D�W�H�G �D�O�O�L�V�L�R�Q �I�U�H�T�X�H�Q�F�L�H�V ���(�O�O�L�V �H�W �D�O���� ������������
�7�K�H�U�H�I�R�U�H�� �L�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �X�Q�G�H�U�V�W�D�Q�G �W�K�H �S�D�U�D�P�H�W�H�U�V �W�K�D�W �L�Q�I�O�X�H�Q�F�H �D �V�K�L�S�¶�V �W�U�D�M�H�F�W�R�U�\ �D�Q�G �W�K�H �H�[�W�H�Q�W �W�R
�Z�K�L�F�K �W�K�H�\ �G�R �V�R�� �$�Q�D�O�\�V�L�Q�J �D�F�W�X�D�O �W�U�D�M�H�F�W�R�U�L�H�V �R�I �G�U�L�I�W�L�Q�J �V�K�L�S�V �F�D�Q �S�U�R�Y�L�G�H �D �V�W�U�R�Q�J �I�R�X�Q�G�D�W�L�R�Q �I�R�U �P�D�N�L�Q�J
�D�V�V�X�P�S�W�L�R�Q�V �D�Q�G�� �X�O�W�L�P�D�W�H�O�\�� �G�H�I�L�Q�L�Q�J �K�R�Z �W�R �D�F�F�X�U�D�W�H�O�\ �U�H�S�U�H�V�H�Q�W �D �V�K�L�S�¶�V �G�U�L�I�W �P�R�W�L�R�Q��

�������������0�M�Q�M�X�I�H �M�R�W�M�K�L�X�W �S�J �T�V�S�F�E�F�M�P�M�X�] �I�W�X�M�Q�E�X�M�S�R�W �J�S�V �V�M�W�O���V�I�H�Y�G�M�R�K �T�Y�V�T�S�W�I�W
�5�H�J�D�U�G�L�Q�J �W�K�H �D�V�V�H�V�V�P�H�Q�W �R�I �D�O�O�L�V�L�R�Q �U�L�V�N�V �R�Y�H�U �O�D�U�J�H�U �J�H�R�J�U�D�S�K�L�F�D�O �D�U�H�D�V�� �F�X�U�U�H�Q�W �P�R�G�H�O�V �D�U�H �S�U�L�P�D�U�L�O�\
�X�V�H�G �I�R�U �D�V�V�H�V�V�P�H�Q�W�V �R�I �L�Q�G�L�Y�L�G�X�D�O �Z�L�Q�G �I�D�U�P�V�� �(�[�L�V�W�L�Q�J �U�H�V�H�D�U�F�K �R�Q �D�O�O�L�V�L�R�Q �U�L�V�N�V �Z�L�W�K�L�Q �W�K�H �'�X�W�F�K �1�R�U�W�K
�6�H�D �U�H�J�L�R�Q �L�V �O�L�P�L�W�H�G �W�R��

�‡�$ �T�X�D�Q�W�L�W�D�W�L�Y�H �D�V�V�H�V�V�P�H�Q�W �E�\ �W�K�H �P�R�G�H�O �6�$�0�6�2�1�� �I�R�F�X�V�L�Q�J �R�Q �W�K�H �L�Q�F�U�H�D�V�H �L�Q �R�Y�H�U�D�O�O �V�K�L�S �D�O�O�L�V�L�R�Q
�U�L�V�N�V �Z�L�W�K �W�K�H �H�[�S�D�Q�V�L�R�Q �R�I �R�I�I�V�K�R�U�H �Z�L�Q�G �I�D�U�P�V�� �D�Q�G

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

�7�K�H �T�X�D�Q�W�L�W�D�W�L�Y�H �D�V�V�H�V�V�P�H�Q�W �U�H�V�X�O�W�V �L�Q �D �S�U�R�E�D�E�L�O�L�W�\ �Y�D�O�X�H�� �Z�K�L�F�K �F�D�Q �E�H �W�U�D�Q�V�O�D�W�H�G �L�Q�W�R �D�Q �R�F�F�X�U�U�H�Q�F�H �U�D�W�H
�S�H�U �Z�L�Q�G �W�X�U�E�L�Q�H�� �)�X�U�W�K�H�U�P�R�U�H�� �L�Q �D�G�G�L�W�L�R�Q �W�R �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �X�Q�I�D�Y�R�X�U�D�E�O�H �G�U�L�I�W �G�L�U�H�F�W�L�R�Q�� �W�K�L�V �Y�D�O�X�H �D�O�V�R
�D�F�F�R�X�Q�W�V �I�R�U �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �D�O�O�L�V�L�R�Q �D�Y�R�L�G�D�Q�F�H �W�K�U�R�X�J�K �R�Z�Q �P�H�D�V�X�U�H�V �D�Q�G �H�[�W�H�U�Q�D�O �D�V�V�L�V�W�D�Q�F�H �V�X�F�K �D�V
�(�5�7�9�V�� �'�H�V�S�L�W�H �W�K�L�V�� �D �T�X�D�O�L�W�D�W�L�Y�H �D�V�V�H�V�V�P�H�Q�W �L�V �F�R�Q�G�X�F�W�H�G �I�R�U �W�K�H �X�V�H �R�I �(�5�7�9 �S�R�V�L�W�L�R�Q�L�Q�J��

�%�R�W�K �D�V�V�H�V�V�P�H�Q�W�V �I�D�O�O �V�K�R�U�W �L�Q �R�I�I�H�U�L�Q�J �V�W�U�D�W�H�J�L�F �L�Q�V�L�J�K�W�V �Q�H�F�H�V�V�D�U�\ �I�R�U �W�K�H �H�I�I�H�F�W�L�Y�H �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �R�I
�U�L�V�N���U�H�G�X�F�L�Q�J �P�H�D�V�X�U�H�V�� �,�Q�V�L�J�K�W�V �L�Q�W�R �D�Y�D�L�O�D�E�O�H �U�H�V�S�R�Q�V�H �W�L�P�H�V�� �D�Q�G �W�K�H �R�U�L�J�L�Q�V �R�I �S�R�W�H�Q�W�L�D�O �W�K�U�H�D�W�V �D�U�H
�Q�R�W �W�K�R�U�R�X�J�K�O�\ �G�L�V�F�X�V�V�H�G �L�Q �W�K�H�V�H �D�V�V�H�V�V�P�H�Q�W�V�� �6�X�F�K �L�Q�V�L�J�K�W�V�� �D�Q�G �D�G�G�L�W�L�R�Q�D�O�O�\�� �D �E�H�W�W�H�U �X�Q�G�H�U�V�W�D�Q�G�L�Q�J
�R�I �W�K�H �L�P�S�D�F�W �R�I �G�\�Q�D�P�L�F �I�D�F�W�R�U�V �V�X�F�K �D�V �Z�H�D�W�K�H�U �F�R�Q�G�L�W�L�R�Q�V �D�Q�G �V�K�L�S�S�L�Q�J �D�F�W�L�Y�L�W�\�� �F�D�Q �E�H �Y�D�O�X�D�E�O�H �I�R�U
�U�L�V�N���U�H�G�X�F�L�Q�J �V�W�U�D�W�H�J�L�H�V��
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�8�V�E�N�I�G�X�S�V�] �T�V�I�H�M�G�X�M�S�R���F�E�W�I�H �Q�I�X�L�S�H

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

���� �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �S�U�H�V�H�Q�F�H �R�I �D�Q �D�G�U�L�I�W �V�K�L�S

���� �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �D �G�U�L�I�W�L�Q�J �V�K�L�S �F�D�X�V�L�Q�J �D�Q �D�O�O�L�V�L�R�Q

���� �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �D�O�O�L�V�L�R�Q �D�Y�R�L�G�D�Q�F�H

�7�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �S�U�H�V�H�Q�F�H �R�I �D�Q �D�G�U�L�I�W �V�K�L�S �L�V �G�H�W�H�U�P�L�Q�H�G �E�\ �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �H�Q�J�L�Q�H �I�D�L�O�X�U�H�� �W�K�H �Q�X�P�E�H�U
�R�I �V�K�L�S�V �L�Q �D�Q �D�U�H�D�� �D�Q�G �W�K�H �D�Y�H�U�D�J�H �W�L�P�H �D �V�K�L�S �V�S�H�Q�G�V �L�Q �W�K�D�W �D�U�H�D�� �7�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �H�Q�J�L�Q�H �I�D�L�O�X�U�H �P�D�\
�Y�D�U�\ �G�H�S�H�Q�G�L�Q�J �R�Q �O�R�F�D�W�L�R�Q�� �Z�K�L�F�K �F�D�Q �E�H �G�H�W�H�U�P�L�Q�H�G �X�V�L�Q�J �K�L�V�W�R�U�L�F�D�O �G�D�W�D�� �+�R�Z�H�Y�H�U�� �I�R�U �W�K�H �S�X�U�S�R�V�H�V
�R�I �W�K�L�V �V�W�X�G�\�� �L�W �L�V �D�V�V�X�P�H�G �W�R �E�H �F�R�Q�V�W�D�Q�W �D�F�U�R�V�V �W�K�H �1�R�U�W�K �6�H�D�� �*�L�Y�H�Q �W�K�L�V �D�V�V�X�P�S�W�L�R�Q�� �W�K�H �S�U�H�V�H�Q�F�H
�R�I �P�R�U�H �V�K�L�S�V �D�W �D �O�R�F�D�W�L�R�Q �R�Y�H�U �D �F�H�U�W�D�L�Q �S�H�U�L�R�G �L�Q�F�U�H�D�V�H�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �W�K�D�W �D �V�K�L�S �Z�L�O�O �E�H�F�R�P�H �D�G�U�L�I�W
�W�K�H�U�H�� �)�R�U �L�Q�V�W�D�Q�F�H�� �W�K�H �S�U�H�V�H�Q�F�H �R�I �V�K�L�S�V �F�D�Q �E�H �G�H�W�H�U�P�L�Q�H�G �E�\ �P�X�O�W�L�S�O�\�L�Q�J �W�K�H �Q�X�P�E�H�U �R�I �V�K�L�S�V �S�H�U �\�H�D�U
�S�D�V�V�L�Q�J �F�H�U�W�D�L�Q �D�U�H�D�V �E�\ �W�K�H �Q�X�P�E�H�U �R�I �K�R�X�U�V �D �V�K�L�S �L�V �S�U�H�V�H�Q�W �L�Q �W�K�R�V�H �V�S�H�F�L�I�L�F �D�U�H�D�V�� �7�K�H�V�H �Y�D�O�X�H�V �D�U�H
�W�K�H�Q �P�X�O�W�L�S�O�L�H�G �E�\ �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �H�Q�J�L�Q�H �I�D�L�O�X�U�H �S�H�U �V�K�L�S �S�H�U �K�R�X�U�� �7�K�L�V �P�X�O�W�L�S�O�L�F�D�W�L�R�Q �\�L�H�O�G�V �D �S�U�R�E�D�E�L�O�L�W�\
�G�L�V�W�U�L�E�X�W�L�R�Q �D�F�U�R�V�V �W�K�H �V�S�H�F�L�I�L�F �D�U�H�D�V�� �L�Q�G�L�F�D�W�L�Q�J �Z�K�H�U�H �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �W�K�H �S�U�H�V�H�Q�F�H �R�I �D�Q �D�G�U�L�I�W �V�K�L�S �L�V
�K�L�J�K�H�V�W�� �)�R�U �V�L�P�S�O�L�F�L�W�\�� �E�H�V�L�G�H�V �D�V�V�X�P�L�Q�J �L�W �F�R�Q�V�W�D�Q�W�� �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �H�Q�J�L�Q�H �I�D�L�O�X�U�H �L�V �Q�H�J�O�H�F�W�H�G �L�Q �W�K�L�V
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�Z�K�H�U�H �L�W �L�V �H�[�S�O�D�L�Q�H�G �K�R�ZPdrif t �L�V �G�H�W�H�U�P�L�Q�H�G �I�R�U �D �V�L�Q�J�O�H �O�R�F�D�W�L�R�Q �X�V�L�Q�J �2�S�H�Q�'�U�L�I�W �V�L�P�X�O�D�W�L�R�Q�V�� �)�L�Q�D�O�O�\��
�V�H�Y�H�U�D�O �G�H�F�L�V�L�R�Q�V �U�H�J�D�U�G�L�Q�J �W�K�H �F�D�O�F�X�O�D�W�L�R�Q �R�IPdrif t �I�R�U �W�K�L�V �V�W�X�G�\ �Z�L�O�O �E�H �G�L�V�F�X�V�V�H�G�� �,�W �L�V �F�U�X�F�L�D�O �W�R �H�Q�V�X�U�H
�W�K�D�W �W�K�H �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �F�R�Q�G�L�W�L�R�Q�V �X�V�H�G �W�R �V�L�P�X�O�D�W�H �G�U�L�I�W �W�U�D�M�H�F�W�R�U�L�H�V �D�U�H �D �Y�D�O�L�G �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H �Y�D�U�L�H�W�\
�R�I �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �F�R�Q�G�L�W�L�R�Q�V �I�R�U �F�D�O�F�X�O�D�W�L�Q�JPdrif t �� �+�R�Z�H�Y�H�U�� �W�K�L�V �V�K�R�X�O�G �E�H �G�R�Q�H �L�Q �D �Z�D�\ �W�K�D�W �G�R�H�V �Q�R�W
�O�H�D�G �W�R �H�[�F�H�V�V�L�Y�H �F�R�P�S�X�W�D�W�L�R�Q �W�L�P�H�� �H�Q�V�X�U�L�Q�J �W�K�H �P�H�W�K�R�G �W�R �F�D�O�F�X�O�D�W�HPdrif t �U�H�P�D�L�Q�V �I�H�D�V�L�E�O�H �I�R�U �H�[�S�D�Q�V�L�R�Q
�W�R �P�X�O�W�L�S�O�H �Z�L�Q�G �I�D�U�P�V��
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�7�R �V�X�E�V�W�D�Q�W�L�D�W�H �W�K�H �S�U�R�S�R�V�L�W�L�R�Q �R�I �L�Q�W�H�J�U�D�W�L�Q�J �W�U�D�M�H�F�W�R�U�\ �S�U�H�G�L�F�W�L�R�Q �L�Q�W�R �S�U�R�E�D�E�L�O�L�W�\ �D�Q�D�O�\�V�L�V�� �W�Z�R �R�W�K�H�U
�U�H�V�H�D�U�F�K �S�U�R�M�H�F�W�V �W�K�D�W �L�Q�F�R�U�S�R�U�D�W�H �W�U�D�M�H�F�W�R�U�\���E�D�V�H�G �S�U�R�E�D�E�L�O�L�W�\ �P�R�G�H�O�V �D�U�H �G�L�V�F�X�V�V�H�G�� �6�X�E�V�H�T�X�H�Q�W�O�\�� �Z�H
�H�[�S�O�R�U�H �W�K�H �D�Y�D�L�O�D�E�O�H �G�U�L�I�W �W�U�D�M�H�F�W�R�U�\ �P�R�G�H�O�V �I�R�U �O�D�U�J�H �V�K�L�S�V�� �1�H�[�W�� �D �P�R�G�H�O �L�V �V�H�O�H�F�W�H�G �Z�K�L�F�K �Z�L�O�O �E�H �X�V�H�G �W�R
�F�D�O�F�X�O�D�W�HPsim �L�Q �W�K�L�V �V�W�X�G�\�� �7�K�L�V �P�R�G�H�O �L�V �H�[�S�O�R�U�H�G �L�Q �G�H�W�D�L�O��
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�7�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �D �G�U�L�I�W�L�Q�J �V�K�L�S �D�O�O�L�V�L�R�Q �F�D�Q �E�H �H�V�W�L�P�D�W�H�G �T�X�L�W�H �D�F�F�X�U�D�W�H�O�\ �Z�K�H�Q �L�W�V �W�U�D�M�H�F�W�R�U�\ �L�V �N�Q�R�Z�Q�� �*�L�Y�H�Q
�W�K�H �X�Q�F�H�U�W�D�L�Q�W�\ �L�Q �S�D�U�D�P�H�W�H�U�V �V�X�F�K �D�V �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �F�R�Q�G�L�W�L�R�Q�V�� �W�K�H �V�K�L�S�¶�V �J�H�R�P�H�W�U�\�� �D�Q�G �L�W�V �R�U�L�H�Q�W�D�W�L�R�Q
�U�H�O�D�W�L�Y�H �W�R �W�K�H �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �I�R�U�F�H�V�� �F�D�O�F�X�O�D�W�L�Q�J �L�W�V �H�[�D�F�W �W�U�D�M�H�F�W�R�U�\ �L�V �G�L�I�I�L�F�X�O�W�� �%�\ �F�R�P�S�X�W�L�Q�J �D�F�U�R�V�V �D �U�D�Q�J�H
�R�I �W�K�H�V�H �X�Q�F�H�U�W�D�L�Q �S�D�U�D�P�H�W�H�U�V�� �X�V�L�Q�J �D �W�H�F�K�Q�L�T�X�H �V�L�P�L�O�D�U �W�R �D �0�R�Q�W�H �&�D�U�O�R �P�H�W�K�R�G�� �Z�H �F�D�Q �J�D�L�Q �L�Q�V�L�J�K�W�V
�L�Q�W�R �W�K�H �S�R�V�V�L�E�O�H �I�L�Q�D�O �S�R�V�L�W�L�R�Q�V �R�I �D �V�K�L�S �D�I�W�H�U �D �F�H�U�W�D�L�Q �G�X�U�D�W�L�R�Q��

�7�K�H �U�H�O�H�Y�D�Q�F�H �R�I �W�K�L�V �P�H�W�K�R�G �I�R�U �F�D�O�F�X�O�D�W�L�Q�J �F�R�O�O�L�V�L�R�Q �S�U�R�E�D�E�L�O�L�W�L�H�V �L�V �V�X�S�S�R�U�W�H�G �E�\ �E�H�Q�F�K�P�D�U�N�L�Q�J �L�Q �Y�D�U�L�R�X�V
�L�Q�G�X�V�W�U�L�H�V�� �Z�L�W�K �W�Z�R �Q�R�W�D�E�O�H �H�[�D�P�S�O�H�V�� �L�W�V �X�V�H �L�Q �W�U�D�M�H�F�W�R�U�\ �S�U�H�G�L�F�W�L�R�Q �I�R�U �V�K�L�S �F�R�O�O�L�V�L�R�Q�V �L�Q �L�Q�O�D�Q�G �Z�D�W�H�U�Z�D�\�V
���+�|�U�W�H�E�R�U�Q �	 �5�L�Q�J�V�E�H�U�J�� ���������� �D�Q�G �D�L�U �W�U�D�I�I�L�F �F�R�Q�W�U�R�O ���&�U�L�V�R�V�W�R�P�L �H�W �D�O���� ����������

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

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

�$�V �Q�R�W�H�G �E�\ �µ�$�Q �L�Q�W�U�R�G�X�F�W�L�R�Q �W�R �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V�¶ �E�\ �+�D�U�U�L�V�R�Q �������������� �Z�K�L�O�H �W�K�H�U�H �L�V �D �Z�L�G�H �Y�D�U�L�H�W�\
�R�I �0�R�Q�W�H �&�D�U�O�R �P�H�W�K�R�G�V�� �P�D�Q�\ �V�L�P�X�O�D�W�L�R�Q�V �W�H�Q�G �W�R �I�R�O�O�R�Z �D �V�L�P�L�O�D�U �S�D�W�W�H�U�Q��

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

�7�K�H �U�H�V�H�D�U�F�K �R�Q �V�K�L�S �F�R�O�O�L�V�L�R�Q�V �Z�L�W�K �W�K�H �*�U�H�D�W �%�H�O�W �%�U�L�G�J�H �V�X�J�J�H�V�W�V �W�K�D�W �H�P�S�O�R�\�L�Q�J �D �0�R�Q�W�H �&�D�U�O�R �D�S�S�U�R�D�F�K
�L�V �D �Y�L�D�E�O�H �P�H�W�K�R�G �I�R�U �F�D�O�F�X�O�D�W�L�Q�J �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �G�U�L�I�W�L�Q�J �V�K�L�S �D�O�O�L�V�L�R�Q�V�� �+�R�Z�H�Y�H�U�� �D�V �Z�L�O�O �E�H �H�[�S�O�D�L�Q�H�G
�I�X�U�W�K�H�U �R�Q�� �V�X�F�K �D �V�L�P�X�O�D�W�R�U �P�D�\ �E�H �W�R�R �V�K�L�S���V�S�H�F�L�I�L�F �W�R �F�R�P�S�X�W�H �S�U�R�E�D�E�L�O�L�W�L�H�V �D�F�U�R�V�V �W�K�H �'�X�W�F�K �1�R�U�W�K �6�H�D
�U�H�J�L�R�Q�� �7�K�L�V �L�V �E�H�F�D�X�V�H�� �D�V �W�K�H �D�U�H�D �F�R�Q�V�L�G�H�U�H�G �L�Q�F�U�H�D�V�H�V�� �P�R�U�H �Y�D�U�L�D�E�O�H�V�� �V�X�F�K �D�V �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �I�R�U�F�H�V��
�V�K�L�S�S�L�Q�J �D�F�W�L�Y�L�W�\�� �D�Q�G �R�I�I�V�K�R�U�H �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �Q�H�H�G �W�R �E�H �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W�� �7�R �L�G�H�Q�W�L�I�\ �D �P�R�G�H�O �V�X�L�W�D�E�O�H �I�R�U
�F�D�O�F�X�O�D�W�L�Q�J �W�U�D�M�H�F�W�R�U�L�H�V�� �D�Q�G �F�R�Q�V�H�T�X�H�Q�W�O�\�� �D�O�O�L�V�L�R�Q �S�U�R�E�D�E�L�O�L�W�L�H�V �D�F�U�R�V�V �W�K�H �H�Q�W�L�U�H �'�X�W�F�K �1�R�U�W�K �6�H�D �U�H�J�L�R�Q��
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�D�Q�G �W�K�H �H�I�I�H�F�W�L�Y�H�Q�H�V�V �R�I �U�H�V�F�X�H �P�L�V�V�L�R�Q�V�� �,�Q �W�K�H �I�L�H�O�G �R�I �P�D�U�L�W�L�P�H �V�D�I�H�W�\�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �W�K�H �G�U�L�I�W �R�I �O�D�U�J�H
�R�E�M�H�F�W�V�� �V�X�F�K �D�V �O�R�V�W �F�R�Q�W�D�L�Q�H�U�V�� �H�Q�V�X�U�H�V �V�D�I�H�U �Q�D�Y�L�J�D�W�L�R�Q�� �)�R�U �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �S�U�R�W�H�F�W�L�R�Q�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J
�W�K�H �P�R�Y�H�P�H�Q�W �R�I �R�L�O �V�S�L�O�O�V �K�H�O�S�V �W�R �U�H�V�S�R�Q�G �H�I�I�L�F�L�H�Q�W�O�\�� �,�Q �D�G�G�L�W�L�R�Q�� �S�U�H�G�L�F�W�L�Q�J �W�U�D�M�H�F�W�R�U�L�H�V �L�Q �V�H�D�U�F�K �D�Q�G
�U�H�V�F�X�H �R�S�H�U�D�W�L�R�Q�V �K�H�O�S�V �G�H�W�H�U�P�L�Q�H �D�Q �D�F�F�X�U�D�W�H �V�H�D�U�F�K �D�U�H�D �I�R�U �L�Q�G�L�Y�L�G�X�D�O�V �R�U �O�L�I�H �U�D�I�W�V�� �,�Q �W�K�H �F�R�Q�W�H�[�W �R�I
�S�U�H�G�L�F�W�L�Q�J �W�K�H �W�U�D�M�H�F�W�R�U�\ �R�I �R�E�M�H�F�W�V�� �W�K�H�U�H �D�U�H �W�Z�R �S�U�L�P�D�U�\ �D�S�S�U�R�D�F�K�H�V�� �D �S�K�\�V�L�F�V���E�D�V�H�G �D�Q�G �D �G�D�W�D���G�U�L�Y�H�Q
�D�S�S�U�R�D�F�K��

�5�H�J�D�U�G�L�Q�J �W�K�H �S�K�\�V�L�F�V���E�D�V�H�G �D�S�S�U�R�D�F�K�� �W�K�H�U�H �D�U�H �W�Z�R �P�H�W�K�R�G�V �W�R �V�L�P�X�O�D�W�H �G�U�L�I�W �L�Q �W�K�H �R�F�H�D�Q�� �/�D�J�U�D�Q�J�L�D�Q
�D�Q�G �(�X�O�H�U�L�D�Q�� �/�D�J�U�D�Q�J�L�D�Q �V�L�P�X�O�D�W�L�R�Q �X�V�H�V �W�K�H �I�O�R�D�W�L�Q�J �R�E�M�H�F�W�V �D�V �U�H�I�H�U�H�Q�F�H�� �Z�K�L�O�H �(�X�O�H�U�L�D�Q �V�L�P�X�O�D�W�L�R�Q �X�V�H�V
�W�K�H �Y�R�O�X�P�H �W�K�U�R�X�J�K �Z�K�L�F�K �W�K�H �G�U�L�I�W �S�D�V�V�H�V �D�V �U�H�I�H�U�H�Q�F�H�� �7�K�H �/�D�J�U�D�Q�J�L�D�Q �P�H�W�K�R�G �U�H�T�X�L�U�H�V �D �V�X�I�I�L�F�L�H�Q�W�O�\
�O�D�U�J�H �Q�X�P�E�H�U �R�I �S�D�U�W�L�F�O�H�V �W�R �U�H�V�X�O�W �L�Q �D �P�H�D�Q�L�Q�J�I�X�O �V�L�P�X�O�D�W�L�R�Q �U�H�V�X�O�W�� �,�W �U�H�O�L�H�V �R�Q �D �0�R�Q�W�H �&�D�U�O�R �D�S�S�U�R�D�F�K��
�Z�K�L�F�K �L�Q�W�H�J�U�D�W�H�V �W�K�H �V�W�R�F�K�D�V�W�L�F �Q�D�W�X�U�H �R�I �G�U�L�I�W�� �7�K�L�V �/�D�J�U�D�Q�J�L�D�Q �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H �P�R�W�L�R�Q �R�I �D �G�U�L�I�W�L�Q�J
�R�E�M�H�F�W �L�V �L�Q�W�H�J�U�D�W�H�G �L�Q�W�R �V�H�Y�H�U�D�O �W�U�D�G�L�W�L�R�Q�D�O �Q�X�P�H�U�L�F�D�O �P�H�W�K�R�G�V �I�R�U �S�U�H�G�L�F�W�L�Q�J �G�U�L�I�W �W�U�D�M�H�F�W�R�U�L�H�V�� �=�K�D�Q�J �H�W �D�O��
������������ �X�V�H�G �/�D�J�U�D�Q�J�L�D�Q �P�R�G�H�O�V �W�R �V�W�X�G�\ �W�K�H �S�U�H�G�L�F�W�L�R�Q �D�F�F�X�U�D�F�\ �R�I �I�R�U�F�L�Q�J �G�D�W�D�V�H�W�V �I�R�U �W�U�D�M�H�F�W�R�U�\ �S�U�H�G�L�F�W�L�R�Q



�������� �6�E�X�M�S�R�E�P�I �E�R�H �Q�S�H�I�P �W�I�P�I�G�X�M�S�R �J�S�V �X�V�E�N�I�G�X�S�V�] �T�V�I�H�M�G�X�M�S�R ����

�L�Q �W�K�H �6�R�X�W�K �&�K�L�Q�D �6�H�D �D�Q�G �<�� �&�K�H�Q �H�W �D�O�� ������������ �X�V�H�G �D �/�D�J�U�D�Q�J�L�D�Q �E�D�F�N�W�U�D�F�N�L�Q�J �P�R�G�H�O �I�R�U �V�R�X�U�F�H
�D�Q�D�O�\�V�L�V �R�I �I�O�R�D�W�L�Q�J �R�E�M�H�F�W�V �D�W �V�H�D��

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

�)�R�U �W�K�L�V �V�W�X�G�\�� �Z�H �R�Q�O�\ �F�R�Q�V�L�G�H�U �U�H�O�D�W�L�Y�H�O�\ �O�D�U�J�H �V�K�L�S�V�� �Z�K�L�F�K �D�U�H �W�\�S�L�F�D�O�O�\ �S�U�R�K�L�E�L�W�H�G �I�U�R�P �Q�D�Y�L�J�D�W�L�Q�J �W�K�U�R�X�J�K
�Z�L�Q�G �I�D�U�P�V �D�Q�G �D�U�H �D�V�V�X�P�H�G �W�R �U�H�V�X�O�W �L�Q �P�R�U�H �V�L�J�Q�L�I�L�F�D�Q�W �G�D�P�D�J�H �L�Q �W�K�H �F�D�V�H �R�I �D�Q �D�O�O�L�V�L�R�Q�� �7�K�L�V �P�D�N�H�V
�W�K�H�P �S�D�U�W�L�F�X�O�D�U�O�\ �U�H�O�H�Y�D�Q�W �I�R�U �V�W�X�G�\�L�Q�J �D�O�O�L�V�L�R�Q �S�U�R�E�D�E�L�O�L�W�L�H�V �Z�L�W�K �Z�L�Q�G �I�D�U�P�V�� �$�V �P�H�Q�W�L�R�Q�H�G �L�Q �6�H�F�W�L�R�Q ������������
�W�K�H �G�U�L�I�W �R�I �O�D�U�J�H �V�K�L�S�V �L�V �D�S�S�U�R�D�F�K�H�G �Z�L�W�K �D �P�R�U�H �D�Q�D�O�\�W�L�F�D�O �P�H�W�K�R�G�R�O�R�J�\�� �I�R�F�X�V�L�Q�J �R�Q �W�K�H �F�D�O�F�X�O�D�W�L�R�Q
�R�I �Z�L�Q�G�� �D�Q�G �Z�D�Y�H���L�Q�G�X�F�H�G �I�R�U�F�H�V�� �7�K�L�V �P�H�W�K�R�G�R�O�R�J�\�� �Z�K�L�F�K �G�L�U�H�F�W�O�\ �F�D�O�F�X�O�D�W�H�V �W�K�H �I�R�U�F�H�V �D�F�W�L�Q�J �R�Q �D
�V�K�L�S�� �L�V �V�L�P�S�O�H�U �W�K�D�Q �W�K�H �R�Q�H �X�V�H�G �I�R�U �P�R�G�H�O�O�L�Q�J �R�E�M�H�F�W �G�U�L�I�W�� �0�R�G�H�O�V �I�R�U �R�E�M�H�F�W �G�U�L�I�W �D�U�H �E�D�V�H�G �R�Q �H�P�S�L�U�L�F�D�O
�I�R�U�P�X�O�D�V �W�R �D�F�F�R�X�Q�W �I�R�U �O�H�H�Z�D�\�� �$ �/�D�J�U�D�Q�J�L�D�Q �P�R�G�H�O�O�L�Q�J �W�H�F�K�Q�L�T�X�H �E�D�V�H�G �R�Q �W�K�L�V �D�Q�D�O�\�W�L�F�D�O �P�H�W�K�R�G�R�O�R�J�\ �L�V
�F�R�Q�V�L�G�H�U�H�G �D �I�H�D�V�L�E�O�H �R�S�W�L�R�Q �I�R�U �P�R�G�H�O�O�L�Q�J �W�K�H �G�U�L�I�W �R�I �O�D�U�J�H �V�K�L�S�V�� �,�Q �F�R�Q�W�U�D�V�W�� �L�W �L�V �V�X�J�J�H�V�W�H�G �W�K�D�W �Q�H�X�U�D�O
�Q�H�W�Z�R�U�N �P�R�G�H�O�V �D�U�H �D�V �\�H�W �O�H�V�V �V�X�L�W�D�E�O�H �I�R�U �P�R�G�H�O�O�L�Q�J �W�K�H �G�U�L�I�W �R�I �O�D�U�J�H �V�K�L�S�V�� �7�K�L�V �L�V �D�W�W�U�L�E�X�W�H�G �W�R �W�K�H �O�D�F�N �R�I
�D �O�D�U�J�H �D�P�R�X�Q�W �R�I �G�D�W�D �R�Q �U�H�D�O �V�K�L�S �G�U�L�I�W �F�D�V�H�V�� �Z�K�L�F�K �L�V �H�V�V�H�Q�W�L�D�O �I�R�U �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I �V�X�F�K �P�R�G�H�O�V�� �7�K�L�V
�O�L�P�L�W�D�W�L�R�Q �L�V �D�O�V�R �H�Y�L�G�H�Q�F�H�G �E�\ �W�K�H �O�D�F�N �R�I �P�H�Q�W�L�R�Q �L�Q �W�K�H �O�L�W�H�U�D�W�X�U�H �R�I �Q�H�X�U�D�O �Q�H�W�Z�R�U�N�V �X�V�H�G �I�R�U �P�R�G�H�O�O�L�Q�J
�W�K�H �G�U�L�I�W �R�I �O�D�U�J�H �V�K�L�S�V��

�,�Q �D�G�G�L�W�L�R�Q �W�R �D�Q �D�Q�D�O�\�W�L�F�D�O �/�D�J�U�D�Q�J�L�D�Q �D�S�S�U�R�D�F�K�� �V�L�P�X�O�D�W�R�U�V �U�H�S�U�H�V�H�Q�W �D�Q�R�W�K�H�U �P�H�W�K�R�G �I�R�U �G�H�W�H�U�P�L�Q�L�Q�J �W�K�H
�G�U�L�I�W �P�R�W�L�R�Q �D�Q�G �S�R�V�V�L�E�O�H �W�U�D�M�H�F�W�R�U�L�H�V �R�I �O�D�U�J�H �V�K�L�S�V�� �7�K�H�V�H �P�D�U�L�W�L�P�H �V�L�P�X�O�D�W�R�U�V �U�H�S�O�L�F�D�W�H �W�K�H �P�D�Q�R�H�X�Y�U�L�Q�J
�E�H�K�D�Y�L�R�X�U �R�I �V�K�L�S�V �Z�L�W�K�L�Q �K�D�U�E�R�X�U�V �D�Q�G �I�D�L�U�Z�D�\�V�� �D�O�O�R�Z�L�Q�J �I�R�U �W�\�S�L�F�D�O �S�R�U�W �P�D�Q�R�H�X�Y�U�H�V �O�L�N�H �W�X�U�Q�L�Q�J �D�Q�G
�E�H�U�W�K�L�Q�J �X�Q�G�H�U �D�X�W�R�S�L�O�R�W �J�X�L�G�D�Q�F�H�� �%�\ �V�H�W�W�L�Q�J �W�K�H �V�K�L�S�¶�V �V�W�D�W�X�V �W�R �µ�G�L�V�D�E�O�H�G�¶�� �W�K�H �V�L�P�X�O�D�W�R�U �W�K�H�Q �P�R�G�H�O�V �W�K�H
�E�H�K�D�Y�L�R�X�U �R�I �D �G�U�L�I�W�L�Q�J �V�K�L�S�� �+�R�Z�H�Y�H�U�� �W�K�L�V �P�H�W�K�R�G �U�H�T�X�L�U�H�V �G�H�W�D�L�O�H�G �L�Q�S�X�W �V�S�H�F�L�I�L�F �W�R �H�D�F�K �V�K�L�S�� �P�D�N�L�Q�J �L�W
�O�H�V�V �S�U�D�F�W�L�F�D�O �I�R�U �F�D�O�F�X�O�D�W�L�Q�J �Q�X�P�H�U�R�X�V �W�U�D�M�H�F�W�R�U�L�H�V��

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

�$ �P�R�G�H�O �W�K�D�W �V�W�D�Q�G�V �R�X�W�� �S�D�U�W�L�F�X�O�D�U�O�\ �G�X�H �W�R �D �F�R�X�U�V�H �D�W �7�8 �'�H�O�I�W�� �L�V �W�K�H �R�S�H�Q���V�R�X�U�F�H �3�\�W�K�R�Q �S�D�F�N�D�J�H
�2�S�H�Q�'�U�L�I�W ���'�D�J�H�V�W�D�G �H�W �D�O���� ������������ �7�K�L�V �S�D�F�N�D�J�H �L�Q�F�O�X�G�H�V �D �V�S�H�F�L�I�L�F �P�R�G�H�O�� �6�K�L�S�'�U�L�I�W�� �G�H�V�L�J�Q�H�G �I�R�U �V�L�P�X�O�D�W�L�Q�J
�W�K�H �G�U�L�I�W �W�U�D�M�H�F�W�R�U�\ �R�I �O�D�U�J�H �V�K�L�S�V�� �*�L�Y�H�Q �L�W�V �V�L�P�S�O�L�F�L�W�\ �D�Q�G �W�K�H �K�L�J�K �D�F�F�H�V�V�L�E�L�O�L�W�\ �R�I �E�H�L�Q�J �R�S�H�Q���V�R�X�U�F�H�� �W�K�L�V
�S�D�F�N�D�J�H �K�D�V �E�H�H�Q �F�K�R�V�H�Q �D�V �W�K�H �I�R�X�Q�G�D�W�L�R�Q �I�R�U �G�H�Y�H�O�R�S�L�Q�J �D �P�H�W�K�R�G�R�O�R�J�\ �W�R �F�D�O�F�X�O�D�W�H �D�O�O�L�V�L�R�Q �S�U�R�E�D�E�L�O�L�W�L�H�V��

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

�-�R�W�M�K�L�X�W �M�R�X�S �3�T�I�R�(�V�M�J�X
�2�S�H�Q�'�U�L�I�W�� �G�H�Y�H�O�R�S�H�G �E�\ �W�K�H �0�H�W�H�R�U�R�O�R�J�L�F�D�O �,�Q�V�W�L�W�X�W�H �R�I �1�R�U�Z�D�\ �L�V �D�Q �R�S�H�Q���V�R�X�U�F�H�� �3�\�W�K�R�Q���E�D�V�H�G �I�U�D�P�H�Z�R�U�N
�I�R�U �/�D�J�U�D�Q�J�L�D�Q �S�D�U�W�L�F�O�H �P�R�G�H�O�O�L�Q�J �Z�L�W�K �P�X�O�W�L�S�O�H �D�S�S�O�L�F�D�W�L�R�Q�V�� �L�Q�F�O�X�G�L�Q�J��

�‡�R�L�O �V�S�L�O�O�V ���2�S�H�Q�2�L�O����

�‡�R�F�H�D�Q�L�F �F�L�U�F�X�O�D�W�L�R�Q�V ���2�F�H�D�Q�'�U�L�I�W����

�‡�G�U�L�I�W �I�R�U �V�H�D�U�F�K �D�Q�G �U�H�V�F�X�H �R�S�H�U�D�W�L�R�Q�V ���/�H�H�Z�D�\����

�‡�G�U�L�I�W �R�I �O�D�U�J�H �V�K�L�S�V ���6�K�L�S�'�U�L�I�W����

�D�P�R�Q�J �R�W�K�H�U�V�� �6�K�L�S�'�U�L�I�W �L�V �G�H�V�L�J�Q�H�G �W�R �H�V�W�L�P�D�W�H �W�K�H �G�U�L�I�W �W�U�D�M�H�F�W�R�U�\ �R�I �V�K�L�S�V �O�D�U�J�H�U �W�K�D�Q ���� �P�H�W�U�H�V�� �7�K�H
�P�R�G�H�O �U�H�T�X�L�U�H�V �D�V �L�Q�S�X�W �V�S�D�W�L�D�O �D�Q�G �W�H�P�S�R�U�D�O �G�D�W�D�V�H�W�V �R�I �W�K�H �Y�D�U�L�D�E�O�H�V��



�������� �6�E�X�M�S�R�E�P�I �E�R�H �Q�S�H�I�P �W�I�P�I�G�X�M�S�R �J�S�V �X�V�E�N�I�G�X�S�V�] �T�V�I�H�M�G�X�M�S�R ����

�‡�Z�L�Q�G �V�S�H�H�G �D�O�R�Q�J �W�K�H �K�R�U�L�]�R�Q�W�D�O �D�Q�G �Y�H�U�W�L�F�D�O �D�[�H�V�� �U�H�I�O�H�F�W�L�Q�J �W�K�H �Z�L�Q�G�¶�V �V�S�H�H�G �D�Q�G �G�L�U�H�F�W�L�R�Q��

�‡�V�H�D �Z�D�W�H�U �Y�H�O�R�F�L�W�\ �D�O�R�Q�J �W�K�H �K�R�U�L�]�R�Q�W�D�O �D�Q�G �Y�H�U�W�L�F�D�O �D�[�H�V�� �L�Q�G�L�F�D�W�L�Q�J �W�K�H �V�S�H�H�G �D�Q�G �G�L�U�H�F�W�L�R�Q �R�I �W�K�H
�F�X�U�U�H�Q�W��

�‡�V�W�R�N�H�V �G�U�L�I�W �Y�H�O�R�F�L�W�\ �D�O�R�Q�J �W�K�H �K�R�U�L�]�R�Q�W�D�O �D�Q�G �Y�H�U�W�L�F�D�O �D�[�H�V�� �U�H�I�O�H�F�W�L�Q�J �W�K�H �G�L�U�H�F�W�L�R�Q �R�I �W�K�H �Z�D�Y�H�V��

�‡�V�L�J�Q�L�I�L�F�D�Q�W �Z�D�Y�H �K�H�L�J�K�W�� �D�Q�G

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

�)�X�U�W�K�H�U�P�R�U�H�� �L�W �U�H�T�X�L�U�H�V �S�D�U�D�P�H�W�H�U�V �G�H�V�F�U�L�E�L�Q�J �W�K�H �J�H�R�P�H�W�U�\ �D�Q�G �R�U�L�H�Q�W�D�W�L�R�Q �R�I �W�K�H �V�K�L�S��

�3�D�U�D�P�H�W�H�U �8�Q�L�W�V �5�D�Q�J�H �'�H�V�F�U�L�S�W�L�R�Q

�2�U�L�H�Q�W�D�W�L�R�Q �� �1���$ �2�U�L�H�Q�W�H�G �O�H�I�W �R�U �U�L�J�K�W �R�I �W�K�H �G�R�Z�Q�Z�L�Q�G �G�L�U�H�F�W�L�R�Q
�/�H�Q�J�W�K �P ���������� �/�H�Q�J�W�K �R�I �W�K�H �V�K�L�S
�+�H�L�J�K�W �P ���������� �7�R�W�D�O �K�H�L�J�K�W �R�I �W�K�H �V�K�L�S
�'�U�D�X�J�K�W �P �������� �'�H�S�W�K �E�H�O�R�Z �Z�D�W�H�U
�%�H�D�P �P �������� �:�L�G�W�K �R�I �W�K�H �V�K�L�S
�-�L�E�H �3�U�R�E�D�E�L�O�L�W�\ �����K �1���$ �3�U�R�E�D�E�L�O�L�W�\ �R�I �M�L�E�L�Q�J ���F�K�D�Q�J�L�Q�J �R�I �R�U�L�H�Q�W�D�W�L�R�Q��

�7�D�E�O�H ���������,�Q�S�X�W �S�D�U�D�P�H�W�H�U�V �I�R�U �W�K�H �6�K�L�S�'�U�L�I�W �P�R�G�H�O

�8�V�L�Q�J �W�K�L�V �L�Q�I�R�U�P�D�W�L�R�Q�� �W�K�H �P�R�G�H�O �F�D�Q �F�D�O�F�X�O�D�W�H �W�K�H �I�R�U�F�H�V �D�F�W�L�Q�J �R�Q �D �G�U�L�I�W�L�Q�J �V�K�L�S�� �D�V �L�O�O�X�V�W�U�D�W�H�G �L�Q �)�L�J�X�U�H ��������
�D�O�R�Q�J �Z�L�W�K �J�H�R�P�H�W�U�\���V�S�H�F�L�I�L�F �Z�L�Q�G �D�Q�G �Z�D�W�H�U �G�U�D�J �F�R�H�I�I�L�F�L�H�Q�W�V�� �7�K�H�V�H �F�R�H�I�I�L�F�L�H�Q�W�V �D�U�H �E�D�V�H�G �R�Q �I�R�U�P�X�O�D�V
�F�D�O�L�E�U�D�W�H�G �W�K�U�R�X�J�K �H�P�S�L�U�L�F�D�O �P�H�W�K�R�G�V �L�Q �'�1�9 �U�H�S�R�U�W�V ���6�¡�U�J�n�U�G �D�Q�G �9�D�G�D�� �������� �D�Q�G ������������ �Z�K�L�F�K �D�U�H �Q�R�W
�S�X�E�O�L�F�O�\ �D�Y�D�L�O�D�E�O�H��

�7�K�H �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �I�R�U�F�H�V �W�K�D�W �F�D�X�V�H �D �V�K�L�S�¶�V �G�U�L�I�W �G�H�S�H�Q�G �R�Q �E�R�W�K �W�H�P�S�R�U�D�O �D�Q�G �V�S�D�W�L�D�O �G�D�W�D�V�H�W�V�� �7�K�X�V��
�W�K�H�\ �D�U�H �L�Q�I�O�X�H�Q�F�H�G �E�\ �W�K�H �V�W�D�U�W �W�L�P�H �D�Q�G �O�R�F�D�W�L�R�Q �R�I �W�K�H �V�L�P�X�O�D�W�L�R�Q�V�� �$�V �P�H�Q�W�L�R�Q�H�G �H�D�U�O�L�H�U�� �W�K�H �6�K�L�S�'�U�L�I�W
�P�R�G�H�O �X�V�H�V �D�Q �D�Q�D�O�\�W�L�F�D�O �P�H�W�K�R�G�R�O�R�J�\ �W�K�D�W �G�H�W�H�U�P�L�Q�L�V�W�L�F�D�O�O�\ �S�U�H�G�L�F�W�V �R�X�W�F�R�P�H�V �E�D�V�H�G �R�Q �V�K�L�S �V�L�]�H�� �,�W
�L�Q�F�O�X�G�H�V �D �E�X�L�O�W���L�Q �K�R�U�L�]�R�Q�W�D�O �G�L�I�I�X�V�L�R�Q �F�R�P�S�R�Q�H�Q�W �W�R �D�G�G�U�H�V�V �X�Q�F�H�U�W�D�L�Q�W�L�H�V �D�Q�G �V�L�P�X�O�D�W�H �W�K�H �H�I�I�H�F�W�V �R�I
�U�D�Q�G�R�P �P�R�Y�H�P�H�Q�W�V �Q�R�W �F�D�S�W�X�U�H�G �E�\ �W�K�H �P�R�G�H�O �E�\ �F�D�O�F�X�O�D�W�L�Q�J �U�D�Q�G�R�P �W�U�D�Y�H�O�O�H�G �G�L�V�W�D�Q�F�H�V �E�D�V�H�G �R�Q �D
�G�L�I�I�X�V�L�R�Q �F�R�H�I�I�L�F�L�H�Q�W�� �7�K�H�V�H �W�U�D�Y�H�O�O�H�G �G�L�V�W�D�Q�F�H�V �D�U�H �W�K�H�Q �D�G�G�H�G �W�R �W�K�H �G�H�W�H�U�P�L�Q�L�V�W�L�F �P�R�W�L�R�Q �G�H�U�L�Y�H�G �I�U�R�P �W�K�H
�D�Q�D�O�\�W�L�F�D�O �P�H�W�K�R�G�� �7�K�L�V �I�H�D�W�X�U�H�� �D�O�R�Q�J �Z�L�W�K �W�K�H �M�L�E�L�Q�J �S�U�R�E�D�E�L�O�L�W�\ �Z�K�L�F�K �D�O�W�H�U�V �W�K�H �V�K�L�S�¶�V �R�U�L�H�Q�W�D�W�L�R�Q �U�H�O�D�W�L�Y�H
�W�R �W�K�H �Z�L�Q�G�� �F�R�Q�W�U�L�E�X�W�H�V �W�R �W�K�H �Y�D�U�L�D�E�L�O�L�W�\ �L�Q �I�L�Q�D�O �O�R�F�D�W�L�R�Q�V�� �(�Q�V�X�U�L�Q�J �U�H�O�L�D�E�O�H �R�X�W�F�R�P�H�V �Q�H�F�H�V�V�L�W�D�W�H�V �W�K�H
�V�L�P�X�O�D�W�L�R�Q �R�I �D �V�X�I�I�L�F�L�H�Q�W �Q�X�P�E�H�U �R�I �W�U�D�M�H�F�W�R�U�L�H�V�� �)�R�U �I�X�U�W�K�H�U �L�Q�V�L�J�K�W�V�� �D�Q �D�Q�D�O�\�V�L�V �R�I �W�K�H �R�E�V�H�U�Y�H�G �G�L�I�I�X�V�L�Y�L�W�\
�L�Q �W�K�H �V�L�P�X�O�D�W�L�R�Q �D�F�U�R�V�V �G�L�I�I�H�U�H�Q�W �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �F�R�Q�G�L�W�L�R�Q�V �D�Q�G �V�K�L�S �W�\�S�H�V �F�D�Q �E�H �I�R�X�Q�G �L�Q �D�S�S�H�Q�G�L�[ �%��

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

�‡�/�R�Q�J�L�W�X�G�H

�‡�/�D�W�L�W�X�G�H

�‡�6�W�D�U�W�L�Q�J �W�L�P�H

�‡�7�L�P�H �V�W�H�S

�‡�'�X�U�D�W�L�R�Q

�‡�1�X�P�E�H�U �R�I �W�U�D�M�H�F�W�R�U�L�H�V

�:�L�W�K �D�O�O �W�K�L�V �L�Q�I�R�U�P�D�W�L�R�Q�� �W�K�H �P�R�G�H�O �L�V �F�D�S�D�E�O�H �R�I �F�D�O�F�X�O�D�W�L�Q�J �W�K�H �V�K�L�S�¶�V �W�U�D�M�H�F�W�R�U�\ �E�D�V�H�G �R�Q �Y�H�O�R�F�L�W�\�� �V�L�P�L�O�D�U
�W�R �W�K�H �P�H�W�K�R�G �G�H�V�F�U�L�E�H�G �E�\ �+�D�F�N�H�W�W �H�W �D�O�� ��������������

Vdrif t = Vcurrent + Vrel ����������

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



�������� �6�E�X�M�S�R�E�P�I �E�R�H �Q�S�H�I�P �W�I�P�I�G�X�M�S�R �J�S�V �X�V�E�N�I�G�X�S�V�] �T�V�I�H�M�G�X�M�S�R ����

�������������3�T�I�R�(�V�M�J�X �X�V�E�N�I�G�X�S�V�] �T�V�I�H�M�G�X�M�S�R�W �J�S�V �T�V�S�F�E�F�M�P�M�X�] �G�E�P�G�Y�P�E�X�M�S�R�W
�1�R�Z �W�K�D�W �Z�H �K�D�Y�H �D�Q �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �K�R�Z �2�S�H�Q�'�U�L�I�W �Z�R�U�N�V�� �Z�H �F�D�Q �F�R�P�S�D�U�H �L�W�V �S�R�W�H�Q�W�L�D�O �X�V�H �I�R�U �D�O�O�L�V�L�R�Q
�S�U�R�E�D�E�L�O�L�W�\ �F�D�O�F�X�O�D�W�L�R�Q �Z�L�W�K �W�K�H �P�H�W�K�R�G�V �H�P�S�O�R�\�H�G �L�Q �F�X�U�U�H�Q�W �P�R�G�H�O�V�� �%�\ �E�D�V�L�Q�JPsim �� �D�Q�G �X�O�W�L�P�D�W�H�O�\Pdrif t ��
�R�Q �W�U�D�M�H�F�W�R�U�L�H�V �F�D�O�F�X�O�D�W�H�G �X�V�L�Q�J �2�S�H�Q�'�U�L�I�W�� �Z�H �K�D�Y�H �W�K�H �R�S�S�R�U�W�X�Q�L�W�\ �W�R �P�R�Y�H �E�H�\�R�Q�G �W�K�H �Q�H�H�G �I�R�U �W�K�H
�I�R�O�O�R�Z�L�Q�J �D�V�V�X�P�S�W�L�R�Q�V �W�K�D�W �V�W�D�W�H���R�I���W�K�H���D�U�W �P�H�W�K�R�G�V �U�H�O�\ �R�Q��

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

�‡�W�K�H �Z�L�Q�G �D�Q�G �Z�D�Y�H�V �D�F�W �L�Q �W�K�H �V�D�P�H �G�L�U�H�F�W�L�R�Q��

�‡�W�K�H �Z�L�Q�G �G�L�U�H�F�W�L�R�Q �D�Q�G �Z�L�Q�G �V�S�H�H�G �D�U�H �N�H�S�W �F�R�Q�V�W�D�Q�W�� �D�Q�G

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

�2�S�H�Q�'�U�L�I�W �F�D�O�F�X�O�D�W�H�V �D �V�K�L�S�¶�V �W�U�D�M�H�F�W�R�U�\ �E�\ �F�R�P�S�X�W�L�Q�J �W�K�H �U�H�V�X�O�W�D�Q�W �R�I �W�K�H �I�R�U�F�H�V �D�F�W�L�Q�J �R�Q �L�W �D�W �H�D�F�K �W�L�P�H
�V�W�H�S�� �D�V �L�O�O�X�V�W�U�D�W�H�G �L�Q �)�L�J�X�U�H �������� �7�K�H�U�H �L�V �Q�R �Q�H�H�G �W�R �N�H�H�S �D�Q�\ �I�R�U�F�H �F�R�Q�V�W�D�Q�W�� �W�K�H �Z�L�Q�G �D�Q�G �Z�D�Y�H �I�R�U�F�H�V
�F�D�Q �E�H �G�H�F�R�X�S�O�H�G�� �D�Q�G �W�K�H �F�X�U�U�H�Q�W �F�D�Q �E�H �D�F�F�R�X�Q�W�H�G �I�R�U �W�K�U�R�X�J�K �(�T�X�D�W�L�R�Q �������� �&�R�Q�V�H�T�X�H�Q�W�O�\�� �W�K�H �V�K�L�S
�G�R�H�V �Q�R�W �P�R�Y�H �L�Q �D �S�X�U�H�O�\ �O�D�W�H�U�D�O �G�L�U�H�F�W�L�R�Q��

�,�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�D�W �W�K�H �6�K�L�S�'�U�L�I�W �P�R�G�H�O �L�V �F�D�O�L�E�U�D�W�H�G �X�V�L�Q�J �H�P�S�L�U�L�F�D�O �P�H�W�K�R�G�V �G�H�V�F�U�L�E�H�G �L�Q �'�1�9
�U�H�S�R�U�W�V�� �Z�K�L�F�K �D�U�H �Q�R�W �S�X�E�O�L�F�O�\ �D�Y�D�L�O�D�E�O�H�� �7�K�H �F�D�O�L�E�U�D�W�L�R�Q �V�S�H�F�L�I�L�F�D�O�O�\ �H�Q�V�X�U�H�V �W�K�D�W �W�K�H �L�Q�I�O�X�H�Q�F�H�V �R�I �W�K�H �I�R�U�F�H�V
�F�R�U�U�H�V�S�R�Q�G �W�R �W�K�H �V�K�L�S�¶�V �V�L�]�H�� �7�K�H�U�H�I�R�U�H�� �R�S�W�L�P�L�V�L�Q�J �W�K�H �D�Q�D�O�\�W�L�F�D�O �6�K�L�S�'�U�L�I�W �P�R�G�H�O �S�U�H�V�H�Q�W�V �F�K�D�O�O�H�Q�J�H�V�� �$�V
�W�K�H �I�R�F�X�V �R�I �W�K�L�V �V�W�X�G�\ �L�V �W�R �H�Y�D�O�X�D�W�H �W�K�H �F�R�Q�W�U�L�E�X�W�L�R�Q �R�I �L�Q�W�H�J�U�D�W�L�Q�J �V�X�F�K �D �P�R�G�H�O �L�Q�W�R �S�U�R�E�D�E�L�O�L�W�\ �D�Q�D�O�\�V�L�V �W�R
�F�X�U�U�H�Q�W �U�H�V�H�D�U�F�K �R�Q �W�K�H �U�L�V�N �R�I �G�U�L�I�W�L�Q�J �V�K�L�S �F�R�O�O�L�V�L�R�Q�V �L�Q �W�K�H �'�X�W�F�K �1�R�U�W�K �6�H�D �U�H�J�L�R�Q�� �Z�H �N�H�H�S �W�K�H �P�R�G�H�O
�X�Q�P�R�G�L�I�L�H�G�� �$�V �Z�H �O�H�D�Y�H �W�K�H �P�R�G�H�O �X�Q�P�R�G�L�I�L�H�G�� �D�Q�G �P�R�U�H �L�P�S�R�U�W�D�Q�W�O�\�� �D�V �Z�H �L�Q�W�H�Q�G �W�R �X�V�H �W�K�L�V �P�R�G�H�O �I�R�U
�D�O�O�L�V�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �F�D�O�F�X�O�D�W�L�R�Q�V�� �Z�H �Q�H�H�G �W�R �X�Q�G�H�U�V�W�D�Q�G �W�Z�R �N�H�\ �D�V�S�H�F�W�V�� �:�K�D�W �S�D�U�D�P�H�W�H�U�V �L�Q�I�O�X�H�Q�F�H �D
�V�K�L�S�¶�V �W�U�D�M�H�F�W�R�U�\ �D�Q�G �W�R �Z�K�D�W �H�[�W�H�Q�W�� �D�Q�G �K�R�Z �Z�H�O�O �G�R�H�V �2�S�H�Q�'�U�L�I�W �S�U�H�G�L�F�W�"



�������� �7�I�R�W�M�X�M�Z�M�X�] �S�J �E �W�L�M�T���W �H�V�M�J�X �X�V�E�N�I�G�X�S�V�] �X�S �I�R�Z�M�V�S�R�Q�I�R�X�E�P �G�S�R�H�M�X�M�S�R�W �E�R�H �W�L�M�T �K�I�S�Q�I�X�V�] ����

���������7�I�R�W�M�X�M�Z�M�X�] �S�J �E �W�L�M�T���W �H�V�M�J�X �X�V�E�N�I�G�X�S�V�] �X�S �I�R�Z�M�V�S�R�Q�I�R�X�E�P �G�S�R�H�M�X�M�S�R�W
�E�R�H �W�L�M�T �K�I�S�Q�I�X�V�]

�1�R�Z �W�K�D�W �2�S�H�Q�'�U�L�I�W �K�D�V �E�H�H�Q �F�K�R�V�H�Q �I�R�U �D�O�O�L�V�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �F�D�O�F�X�O�D�W�L�R�Q�V�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �W�K�H �I�R�U�P�D�W�L�R�Q �R�I
�D �V�K�L�S�¶�V �G�U�L�I�W �W�U�D�M�H�F�W�R�U�\ �L�V �F�U�X�F�L�D�O�� �7�K�H�U�H�I�R�U�H�� �W�K�H �F�K�D�O�O�H�Q�J�H�V �L�Q�Y�R�O�Y�H�G �L�Q �D�F�F�X�U�D�W�H�O�\ �F�D�O�F�X�O�D�W�L�Q�J �D �V�K�L�S�¶�V
�G�U�L�I�W �W�U�D�M�H�F�W�R�U�\ �D�U�H �H�[�S�O�R�U�H�G�� �7�K�H �L�Q�I�O�X�H�Q�F�H �R�I �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �I�R�U�F�H�V �D�Q�G �J�H�R�P�H�W�U�L�F�D�O �S�D�U�D�P�H�W�H�U�V �R�Q �D
�V�K�L�S�¶�V �W�U�D�M�H�F�W�R�U�\�� �Z�K�L�F�K �L�Q �W�X�U�Q �D�I�I�H�F�W�VPsim �� �L�V �D�G�G�U�H�V�V�H�G�� �7�K�L�V �D�Q�D�O�\�V�L�V �Z�L�O�O �G�H�P�R�Q�V�W�U�D�W�H �W�K�H �F�R�P�S�O�H�[�L�W�\ �R�I
�D�F�F�R�X�Q�W�L�Q�J �I�R�U �D�O�O �S�R�V�V�L�E�O�H �R�X�W�F�R�P�H�V �R�IPsim �� �F�R�Q�V�L�G�H�U�L�Q�J �W�K�H �Y�D�U�L�H�W�\ �R�I �S�R�V�V�L�E�O�H �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �F�R�Q�G�L�W�L�R�Q�V
�D�Q�G �V�K�L�S �W�\�S�H�V�� �0�X�O�W�L�S�O�H �V�L�P�X�O�D�W�L�R�Q�V �K�D�Y�H �E�H�H�Q �F�R�Q�G�X�F�W�H�G �I�R�U �W�K�U�H�H �V�K�L�S �W�\�S�H�V �X�Q�G�H�U �W�K�H �V�D�P�H �V�H�W�W�L�Q�J�V��
�H�D�F�K �L�Q�I�O�X�H�Q�F�H�G �E�\ �G�L�I�I�H�U�H�Q�W �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �F�R�Q�G�L�W�L�R�Q�V�²�F�R�P�E�L�Q�D�W�L�R�Q�V �R�I �Z�L�Q�G�� �Z�D�Y�H�� �D�Q�G �F�X�U�U�H�Q�W �I�R�U�F�H�V�²�W�R
�D�Q�D�O�\�V�H �W�K�H�L�U �L�Q�G�L�Y�L�G�X�D�O �D�Q�G �F�R�P�E�L�Q�H�G �L�P�S�D�F�W�V �R�Q �D �G�U�L�I�W�L�Q�J �V�K�L�S�¶�V �W�U�D�M�H�F�W�R�U�\��

�������������7�I�P�I�G�X�M�R�K �3�T�I�R�(�V�M�J�X �W�I�X�X�M�R�K�W �J�S�V �G�S�Q�T�E�V�E�X�M�Z�I �X�V�E�N�I�G�X�S�V�] �E�R�E�P�]�W�M�W
�$�V�� �2�S�H�Q�'�U�L�I�W �P�R�G�H�O�V �D �V�K�L�S�¶�V �Z�L�Q�G���H�[�S�R�V�H�G �V�X�U�I�D�F�H �D�V �D �V�T�X�D�U�H �G�H�W�H�U�P�L�Q�H�G �E�\ �W�K�H �V�K�L�S�¶�V �K�H�L�J�K�W �I�U�R�P �W�K�H
�Z�D�W�H�U�O�L�Q�H�� �O�H�Q�J�W�K�� �D�Q�G �R�U�L�H�Q�W�D�W�L�R�Q�� �W�K�H �V�L�P�X�O�D�W�L�R�Q�V �K�D�Y�H �E�H�H�Q �F�R�Q�G�X�F�W�H�G �I�R�U �W�K�U�H�H �G�L�I�I�H�U�H�Q�W �F�R�Q�W�D�L�Q�H�U �V�K�L�S
�W�\�S�H�V�� �W�K�H �I�L�U�V�W �F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�H �V�L�]�H �R�I �H�D�U�O�\ �F�R�Q�W�D�L�Q�H�U �V�K�L�S�V�� �Z�K�L�O�H �W�K�H �V�H�F�R�Q�G �D�Q�G �W�K�L�U�G �D�U�H �F�R�P�S�D�U�D�E�O�H
�W�R �W�K�H �V�L�]�H �R�I �D �3�R�V�W���3�D�Q�D�P�D�[ �, ���5�R�G�U�L�J�X�H�� ������������ �7�K�H �V�H�F�R�Q�G �D�Q�G �W�K�L�U�G �W�\�S�H�V �G�L�I�I�H�U �L�Q �R�Y�H�U�D�O�O �K�H�L�J�K�W �W�R
�D�Q�D�O�\�V�H �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �W�K�H �H�[�S�R�V�H�G �D�U�H�D �W�R �W�K�H �Z�L�Q�G �I�R�U �D �V�L�P�L�O�D�U �V�K�L�S �W�\�S�H�� �7�K�H �J�H�R�P�H�W�U�L�H�V �D�U�H �G�H�W�D�L�O�H�G
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